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GOVERNMENTAL RIGHTS 

This invention was made with government support under Contrac.No. MDA 
572.OM-0002 by DARPA The government has certain rights in the nwenhon. 

CROSS REFERENCES TO RELATED APPLICATIONS 

The present application is aoontinuationof co-pending U.S. Patent 
ApphcafionNo. 10/039,318, filed October 19, 2001. The entire contents of the 
above applications are incorporated hereinby reference in enurety. 

BACKGROUND OF THE INVENTION 

Vhal-encoded reguUtory proteins and nnoleio adds present attract- targe* 

^osc^pone^com.oudnhitvira.p^ornuoleioaddm^h^ 

finding active small molecuUs with the tequned specified is difficult and drug 
20 ^sfimcecrurbeaprobtem. The inherent flexibility and diversity of theanflbody 
„ st emprovidesaweal«hofmolec«les capable ofrooognMng any molecular shape 
wimWghspecifioivyandaffiniry.Furmermore.ttodeve.opmen.ofmsis^oeby 

vMmutafionoarrbeoounteredbymuWioninmoappropriateantibodywrm 
o.immalohangeaBpharmacolth.ettopropertiea. However, anhbodres are 
25 exhacellularmo^mea. A challenge thus remains to develop "invasive antibodies, 
,. ^homesu^axeoup^leofentemgceUaandmterrnpnngviml.pUoahon m 

order for exoginoualy.appfied anfiviral antibody «. be aotive intracellulariy, an 
^We'Sitmuaibehnnslocetedwimreasonable efficiency to the cytoplasm 
and 'nuoieus of me host oeU. This p.aces former challenges on an antibody dehvery 

30 ^In particular, such intracellular immunity would prove usefid with respect to 
fioman cytomegatovirus (hCMV), which is a double-stmnded DNA vixus of me 
herpes family. Generally, hCMV has low pathogenicity when infeotmg healthy 
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UM* However.intecttonofte^omandto.nooompro.nisedof.enleads 
10 devastating cons— Near., 1% of all live birlhs in the ««-«-- » 
associated with ^genital hCMV infection, with approximately 10-20/a of 
factions resulting in significant neurological defect In inununosupprassed 
5 iudividuals, such as cancor and transit patients, severe mononucleoses s^ome, 
p^ooia.aodhepaddsaretequenteompUcadonswidaamomU^a,.*^^ 

l^»40%(Fia 1 aet 3l .W.InMr>ia.l3i42 1 -«3( 1 97 5 );M»kere l al 
Surgery 89, 660-671 (1981); Rubin et al., Transplantation 24, 458464 (1977); 
Meyers el al., Ann. Intern. Med. 82,181-188 (1975)). Dictated hCMV 
10 Wectionisalsoaco^oncauseofmorWdi^dnro^inAIDSpati^ 

flacobson et al., Ann. Intern. Med. 108, 585-594 (1988)). 

Drugaaucha3foscamet.ndgancWovirltavebeennaedfordretteattnen.of 

hCMV infections (Collaborative DHFGTreattrren, Study Group, N. En*!. /. 
Mad 27, 801-805 (1986); Henderly et al., Ophttotaotos, 94, 425434 (1987); 
15 JacobsoneraU.In/M.Di, 163, 1348-1351 (1991); Palestine e, al., Ann. 
Intern Med. 115,666-673(1991)). However, in immunocompromised patients, 
disease invariably recurs after c e asadonoftteattnen,,„«ssi t atinglong-te m dterapy 
(Gross etal.OpWWmoloa, 97,681-686(1990)). Drug toxicity and the 
mergence of resistant vims attains have limitedftre efficacy of these compounds 
20 ^demonattatedmene^fornewdrugsandtteattnentsttategiesCCollabcrativa 

DHPG Treatinent Study Group, supra; Henderly et al., supra; Jacobson et al., 
supra; Palestine et al., supra; Gross et al., supra). 

Intracellular immunity by using antibodies represents a novel alternative to 
currently available antiviral mugs. Inhibition of vims replication in cell culture by 
25 using gene transfer ,0 express mouse autibndies inside human cells has recently been 
JUchene^Ptuc.Nan.AoniSd.USA 9!, 5932-5936 (1994); Duan et 
a! ?roc Natl. Acad. Set., 91, 5075W9 (1994)). However, there reman* a need 
for a means by which antibodiea, typically extracellular molecules, canbe introduced 
inside of cells. 

30 Workby Frankel et al. {Cell, 55, 1189-1193 (1988)) has shown that the tat 

protein of fflV-1 can enter a wide variety of cells efficiently when added 
exogenous Tat protein added to medium at concentrations of 1 nM can mduce 
• biological responses in the nucleus of the target coll, although the mechamsms by 
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which the molecule is taken up and distributed within the cell are unknown. In 
addition, by chemically cross-linking tat peptides to a number of heterologous 
proteins otherwise impermeable to living cells, Fawell et al. (Proc. Natl Acad. Sci, 
91, 664-668 (1994)) demonstrated delivery of these proteins to both the cytoplasm 

5 and nucleus. Of the different peptide constructs employed, the investigators found 
that the most successful was a peptide corresponding to tat residues 37-72 and 47-59 
(Repinsky et al., DNA and Cell Biol, 13, 1011-1019 (1994)). 

Thus there remains a need for methods for introducing molecules into living 
cells, particularly for introducing antibody molecules into cells to effect intracellular 

10 immunization. The present invention is directed, amongst other things, to methods, 
vectors, and compositions to meet that need. These and other objects and advantages 
of the present invention, as well as additional inventive features, will be apparent from 
the description of the invention provided herein. 

15 BRIEF SUMMARY OF THE INVENTION 

The present invention provides a chimeric molecule comprising a carboxy 
terminal protein import sequence and an amino terminal cargo region. In a preferred 
embodiment, the present invention provides a protein import sequence, preferably an 
HIV tat protein import sequence, present as part of a chimeric molecule (e.g., an 

20 ' antibody fusion or fusion protein). Preferably, the present invention provides a 
chimeric molecule comprising a carboxy terminal protein import sequence and an 
amino terminal cargo region. The amino terminal cargo region can be an antibody, a 
non-antibody peptide, or a non-proteinaceous molecule, hi one embodiment, the 
cargo region is an antibody raised against a viral antigen. Preferably, the cargo 

25 region is an antibody raised against an hCMV antigen, including, for example, an 
anti-UL44 antibody, an anti-UL83 antibody, and an anti-UL122 antibody. Also 
preferably, the cargo region is an antibody that is a Fab, including, for example, Fab 
GL14, Fab GL5, and Fab GL34. 

The carboxy terminal protein import sequence is preferably an HIV tat peptide. 

30 Suitable HIV tat peptides include those comprising tat residues 37-72, tat residues 3 8- 
72, tat residues 47-59, and tat residues 49-57. Preferably, the protein import sequence 
is an HIV tat peptide comprising SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ 
ID NO:7. The protein import sequence can also be a lactoferrin or an antennapedia 
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peptide. A preferred antennapedia peptide is iDrosopMla antennapedia peptide 
comprising from about 16 to about 20 amino acids. 

In a preferred embodiment, the chimeric molecule comprises a protein import 
sequence linked to an antibody directed against a pathogen, such as a virus, hi an 
5 especially preferred embodiment, the chimeric molecule comprises anHIV tat 
protein import sequence linked to a Fab directed against an hCMV antigen. 

The chimeric molecule can further comprise a spacer sequence located 
between said protein import sequence and said cargo region. Preferably, the spacer 
sequence comprises from about 1 to about 50 amino acid residues. 
10 The present invention also provides a composition comprising a chimeric 

molecule having a carboxy terminal protein import sequence and an amino terminal 
cargo region. In other preferred embodiments, the present invention provides for the 
use of the chimeric molecule of the present invention for the manufacture of a 
medicament for the treatment of viral infection. 
15 In addition, the present invention provides a method of using any of the 

above-described chimeric molecules to effect entry into a cell by contacting the cell 
with a chimeric molecule such that the chimeric molecule is internalized. 

The present invention further relates to nucleic acid molecules that encode 
any of the above-described chimeric molecules. In one embodiment, the nucleic 
20 acid encodes a chimeric molecule having a carboxy terminal protein import 

sequence and an amino terminal cargo region. Preferably, the nucleic acid encodes a 
chimeric molecule having an HIV tat protein import sequence linked to a Fab 
. directed against an hCMV antigen. In another embodiment, the nucleic acid encodes 
a chimeric molecule that further has a spacer sequence between the protein import 
25 sequence and the cargo region. 

In addition, the present invention relates to vectors and host cells comprising a 
nucleic acid that encodes any of the described chimeric molecules. Thus, in one 
embodiment, the invention provides a vector comprising a nucleic acid that encodes a 
chimeric molecule having a carboxy terminal protein import sequence and an amino 
30 terminal cargo region. Preferably, the vector comprises a nucleic acid that encodes a 
chimeric molecule having an HIV tat protein import sequence linked to a Fab directed 
against an hCMV antigen, hi another embodiment, the vector comprises a nucleic acid 
that encodes a chimeric molecule mat further has a spacer sequence between the 
protein import sequence and the cargo region. In addition, the present invention 
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provides a host comprising any of the described vectors, as well as a host cell 
comprising a chimeric molecule having a carboxy terminal protein import sequence 
and an amino tenninal cargo region with or without a spacer sequence. 

The present invention also relates to a mefcod for making a chimeric molecule 
5 comprising a carboxy tenninal protein import sequence and an amino tenninal cargo 
region. The method comprises obtaining a host cell comprising a vector containing a 
nucleic acid that encodes a chimeric molecule having a carboxy terminal protein 
import sequence and an amino terminal cargo region, culturing the host cell, and 
recovering the chimeric molecule ftom the culture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is agraph of selective binding per cell density of ataggedFab 

according to the invention relative to an untagged Fab. 

Fig. 2A and Fig. 2B shows the uptake of FITC-conjugated tat-Fab by direct 
visualization of living, healthy glial U373 cells imaged at about 20 minutes post- 
treatment with tat-tagged Fab showing internalization of the FITC-conjugated tat- 
Fab. Fig. 2A, phase contrast image; Fig. 2B, fluorescence image. 

Fig. 3 is a reproduction of a Coomassie-stained gel showing bacterially 
expressed wild-type IE86 (250 ng) protein following dialysis of the pooled fractions 
20 after nickel chelate chromatography. 

Fig. 4 is a reproduction of the results of a DNase I protection analysis assay 
of the IE86 binding site (crs) in the hCMV major immediate early promoter by 
recombinant IE86 protein. lanes: 1 and 4, controls showing cleavage patterns in the 
presence of 250 nM BSA; 2 and 3, footprinting pattern in the presence of 50 and 250 
nMIE86 protein, respectively. Symbols: arrow, transcription start site; open box, 

the protected crs. 

Fig. 5 is a reproduction of the results of an electrophoretic mobility shift 
assay (EMSA) revealing protein:DNA and protein:protein interactions. Lanes: 1, a 
nucleoprotein complex ("D") developed with the CMV TATA box probe and human 
TBP; 2, supersMfting of complex D using a monoclonal antibody to hTBP; 3, a 
change* the mobility of the complex ("D86") due to proteimprotein interactions of 
IE86 with TATA box bound hTBP; 4, supershifting of the D86 complex by 
monoclonal antibodies to hTBP; 5, supershifting of the D86 complex by monoclonal 
antibodies to IE86. 
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Fig. 6 is a chart that summarizes the activity of recombinant 1E86 in a highly 
purified reconstituted in vitro transcription system, with the requirement for general 
transcription factors (indicated by a + sign) for initiating transcription from DNA 
templates containing the major immediate early promoter of hCMV (CMV-MIEP) 

5 and the adenovirus major late promoter (Ad-MLP). 

Fig. 7 is a reproduction of a gel obtained from the reconstituted in vitro 
transcription system described in Fig. 6. Lanes: 1-3, transcription from the wild-type 
MTJ3P in the presence of increasing amounts of IE86 (Lanes 2 and 3 showing 
repression of transcription); 4-6, transcription reactions with aMIEP template in 

1 0 which the EB86 binding site (crs) has been mutated (Lanes 5 and 6 reveal the 

requirement for DE86 to interact with the crs element in order to effect inhibition); 7- 
9, transcription reactions using a mutant IE86 protein that is defective in DNA- 
binding and is also incapable of effecting inhibition of transcription from the wild- 
type MIEP template. 

15 Figs. 8A-C are reproductions of the results of Western analysis of column 

fractions (concentrations of KCI used to elute UL44 from the column(s) indicated 
above the panels, and the location of molecular weight standards used for Western 
blotting shown on the right of each panel). Panels: Panel A, elution profile of 
purified UL44; . Panel B, elution profile of TJL44 was subjected to thrombin 

20 cleavage; elution profile of UL44 after being incubated with an excess of a 
recombinant Fab (GL 5) that recognizes UL44. 

Fig. 9 is a diagrammatic representation of the three thrombin cleavage sites 
inUL44. 

Fig. 10 is a reproduction of autoradiograms produced in an electrophoresis 
25 mobility shift assay (EMSA) showing the interaction between Fab SD1 and DNA. 
Lanes: 0.08 pmol 32 P-labeled double-stranded probe (5 '-AAT-GTA-TGC-GCG- 
CGC-GCT-TTA-GGG-GCC-CC-3' [SEQ ED NO: 18]) (lanes 1-6) with 0.2 pmol of 
Fab SD1 (lanes 2, 3, and 4), further including preincubation with an anti-Fab reagent 
(oc-Fab IgG) (tones 3 and 6), or further including 0.2 pmol of a control Fab reacting 
30 with HTV-l surface glycoprotein gpl20 (HIV Fab). Symbols: thick arrow, position 
of the specific Fab SD1 nucleoprotein complex; a s arrow, position of the 
supershifted Fab SD1 nucleoprotein complex; 0, origin of migration; FP, position of 
free probe. 

Fig. 1 1 is a Hofstee plot (% displaced/nm competitor versus % displaced) for 
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competition assays performed with double stranded MLP and MyoD as competitors. 

Fig. 12 is a double reciprocal plot (1/free DNA versus 1/bound DNA) for 
competition assays performed with double-stranded MLP as the competitor. 

Fig. 13 is a schematic representation of the protection pattern produced by 
5 TFEB binding [SEQ ID NO: 19]. Symbols: arrows, indicate the positions of DNase I 
hypersensitive sites; double-headed arrow, the E box, CACGTG. 

Fig. 14 is a schematic representation of the protection pattern produced by 
Fab-E box binding [SEQ ID NO: 19]. Symbols: arrows, indicate the positions of 
DNase I hypersensitive sites; double-headed arrow, the E box, CACGTG. 
10 Fig. 15 is a depiction of a consensus binding site for Fab-Ebox. 

Abbreviation: Pu, purine residue (A or G). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides, among other things, methods of making, methods of 

15 using, and compositions comprising a known protein import sequence present as part 
of a chimeric molecule (e.g., an antibody fusion or fusion protein). According to the 
invention, a chimeric molecule comprises a carboxy terminal protein import sequence 
and an amino terminal cargo region, as further described herein. In particular, the 
invention provides a method to import molecules into cells using such known protein 

20 import sequences present as part of a chimeric molecule. The invention further 
provides vectors, host cells, and compositions comprising a known protein import 
sequence. 

In one embodiment, Ihe present invention provides a method of selectively 
introducing a molecule into a cell with use of a human immunodeficiency (HIV) tat 

25 protein import sequence. Preferably this method is carried out in order to effect transfer 
into a cell of an exogenous moiety, i.e., "cargo" comprising a moiety such as an 
antibody (or portion thereof), a non-antibody polypeptide/protein, a nonproteinaceous 
molecule (e.g., oligosaccharides, oligonucloetides), or another suitable moiety, as 
further described herein. As used herein "antibody" means a complete antibody 

30 molecule or portions thereof, including Fab, Fab', F(ab% and F(v) fragments as well 
as other portions known in the art. 

In another embodiment, the invention further provides for the development of 
so-called "invasive antibodies", which preferably are antibodies directed against 
pathogens (e.g., viral antigens), and which are endowed with the ability to be taken up 
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from outside the cell and thereby effect intracellular immunity (e.g., against 
persistent/latent infections). An invasive antibody according to the invention need not 
necessarily effect complete immunity, but need only impair in some fashion the 
biological activityofthepathogen against which the antibody is directed such that 
5 there is a statistically significant reduction in biological activity (as compared to the 
untreated condition), as measured by any means acceptable to those working in the art 
area and as appropriate for aparticular application (e.g., a reduction in DNA and/or 
RNA metabolism of the pathogen, a reduction in protein synthesis of the pathogen, 
inhibition of DNAbinding function and activation domains, inhibition of DNA and 
10 polymerase binding, screening by microinjection, inhibition of viral replication, effect 
oninfertedceUgrowfo^ 
herein). 

Intracellular immunity by invasive antibodies presents a novel alternative, for 
instance, to currently available antiviral drugs. Intracellular antibody-based therapy 

15 optimally combines antibody specificity and selective inhibitory action with the 
pharmokinetic stability and administrative advantages of antibodies. The use of 
intracellular immunity by 'invasive' antibodies is exemplified as Mows for human 
cytomegalovirus (hCMV), an important human pathogen. However, the concept is 
broadly applicable to any other immunizations, e.g., against other viruses or other 

20 pathogens, and is expressly so contemplated. The viral-encoded regulatory proteins 
and nucleic acids of hCMV (or other pathogen) offer attractive targets for intracellular 
immunity since interruption of tbeir function ostensibly prevents viral replication 
without affecting host cell machinery. 

25 Intracellular Protein Import Sequences 

A number of naturally occurring proteins (or portions thereof) are effectively 
taken up by cells and are defivered to the nucleus, or other intracellular 
compartment, for subsequent intracellular localization. Thus, desirably, aprotein 
"import sequence" or an "intracellular import sequence" according to the invention 
30 preferably is a known protein import sequence (or variation thereof) that is capable 
of mediating, either by commanding or facihtating, entry into a cell. Accordingly, a 
protein import sequence includes, but is not limited to a plasma membrane sequence, 
nuclear localization sequence, endoplasmic reticulum (ER) retention sequence, or a 
signal sequence, to name but a few. However, the protein import sequence 
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5 ^or.mediatedandooytoaiauponbmdingatteceU.orto. 

Ofoc^.beprototapor.^oeof.bamv^nopbonaUyca.b 

Lo fit 3e n oo db8 ouc W cac*(,,, i n^o t ^vec t o : 

^ te p mK in ta po rt se q uanoa ffi us«bep r esa. t »i«spepbda/pro tot onn The 

M ^cJdfo-o^pro^^^^-^-^^ 

^rroftoimpor.^ofpro.ainsba^m^odof.batavendonis 
MgWyad^ua.s^aasesys.emsprovideaoWons.omaayofteproH^ 

scuanccsemployedacoarding «.«-^P—* — 

3559 (1992); Prior « al, « 64, 1017-1023 (1991); Stenmark « al, / OK M 

1 40, .94,-1946 (1990); W». « » »■ ~ 

( l 98 8 y,Wil M a.aL,J.mae m .Z67,963.9670992);l^e«a 1 ^ 

cL 267,24966-24971 (1992); Uamon a. a!., «« «. ^ « 88,5572-5576 

25 ° 991)> Aa an of apreferred pro.em import science of tire *. 

toth « nucleus, wbercftis factor bind, .oregmatoryDNAsaqu^ and alters gone 

expresrdon. Recently, it has beeu showu that antermapedia peptides rangmg . 
tog* from between 16 and 20 amino acids can cross biological membranes by an 

(Deli et a.., Jt »*» O. 269, 10444-.0450 (1994),. Tbus, 
antennapedia peptides (particularly antennapedia peptides ranging in length torn 
between about 16 and about 20 amino acids) desirably can be chemically and 
genetically linked to desired "cargo" (•*. -"bodies, non-antibody prolans, and 
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non-proteinaceous molecules including oligonucleotides, to name but a few), and 
employed for their ability to be taken up by cells. 

Similarly, the lactoferrin protein can make its way across the plasma 
membrane of cells, presumably by binding to receptors or by interacting with sugar 
5 moieties on the cell surface. Lactoferrin plays a key role in the body's first line of 
defense against microbial invasion by sopping up extracellular oxidized iron. 
However, recent studies have indicated that lactoferrin also may play a more active 
role in the immune response to bacterial invasion by turning on macrophages and 
natural killer cells that are a part of the next wave of defense (Baeuerle, Nature 373, 
10 661-662 (1995)). Once inside the cells, lactoferrin is transported to the nucleus 

where it can bind specific DNA sequences and may selectively alter gene expression 
(He et al., Nature 373, 721-724 (1995)). Accordingly, lactoferrin and antennapedia 
peptides, as well as other protein import sequences, desirably can be employed in the 
methods and constructs of the invention for effecting cell entry. 
15 Viruses also encode proteins that can be taken up from outside the cell and 

delivered to the nucleus, or other intracellular locations, m particular, the tat protein 
from HTV is efficiently taken up by cells and, by avoiding the lysosomal 
compartment, can enter the nucleus. Thus, an especially preferred strategy according 
to the invention is to use the HTV tat protein import sequence attached to a Fab 
20 fragment (or, attached so as to comprise fusion proteins, or other chimeric molecules 
of the invention) to provide for tat protein import sequence-mediated delivery into 
cells and/or intracellular targeting (e.g., to the nucleus). For instance, in the case of a 
Fab fragment (i.e., a Fab), preferably a tat-containing construct is obtained by 
linkage of the tat protein import sequence to the C-terminus of the light chain using 
25 the vectors and methods further described herein. 

In terms of protein import sequences derived from the HTV tat gene, the HTV 
tat gene encodes an 86-102 residue protein, depending on virus strain. The protein is 
characterized by a cysteine-rich region in its amino terminal portion, and by a cluster 
of highly basic residues in the carboxy terminal half of the molecule that are well 
30 conserved across the many strains of the virus. Mutations directed to the amino 
terminal half of the molecule confer a protein that is no longer able to transactivate 
HTV long terminal repeat-directed gene expression, although these molecules 
continue to be localized in the nucleus. In contrast, however, mutations directed at 
the cluster of basic residues, spanning amino acid residues 47-59, greatly reduce 
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nuclear accumulation of the protein (Ruben et al., /. Virol. 63, 1-8 (1989)). 
This highly basic sequence is similar to nuclear localization sequences 

previously ,d^ta«te^<B«**^^ J ^ M17 ^ aW 
Kalderon et al, Cell 39, 499-509 (1984)). Indeed, the amino acid sequence 
5 GRICKRRQRRRAHQ [SEQ ID NO:l] spanning residues 48-61, when fused to the 
amino terminus of B-galactosidase and expressed in the cytoplasm, was able to 
direct the fusion to the nucleus of the cell (Siomi et al., J. Virol. 64, 1803-1807 
(1990)) Using a similar system, other investigators further delineated the role of the 
hasic amino acid sequences by fusing sequences GRKKR [SEQ ID NO:2] and 
10 QKRP [SEQ ID NO:3] to the amino terminus of 6-galactosidase for cytoplasmic 
expression (Ruben etal., J. Virol 63, 1-8 (1989)). Whereas the tag GRKKR 
delivered the JJ-galactosidase to the nucleus, the tag QRRP did not, indicating that 
the GRKKR sequence or part of this sequence can function as a nuclear localization 
signal. 

15 ~ This region of basic sequence between residues 47 and 59 also has been 

implicated in tat adhesion to the cell surface. Namely, a synthetic peptide composed 
of amino acid residues 49-57 was able to competitively inhibit cell attachment to 
both full length tat peptide and to recombinant tat protein, despite lacking the tat 
RGD sequence at residues 72-74 (Weeks et al., J. Biological Chem. 268, 5279-5284 

20 (1993))- Similarly, a monoclonal antibody recognizing an epitope in the basic 
region of tat was able to inhibit tat binding and uptake (Mann et al., EMBO J. 10, 

1733-1739 (1991)). 

The studies suggest in the context of the invention that the basic region 
between residues 47-59 is an essential component of the binding, uptake, and 
25 nuclear delivery of the tat molecule, and suggest its potential to transport other 

molecules (i.e., so-called other cargo proteins and molecules from the medium) into 
the cell nucleus. When tat peptides were assessed for their ability to act as carrier 
proteins for the delivery of a number of heterologous proteins into cells, a peptide 
spanning residues 37-72 was consistently found to be successful (Fawell et al., Proc. 
30 Natl. Acad. Sci. USA 91, 664-668 (1994)). More recently, a peptide spanning 

residues 47-58 was shown to be efficacious for introducing cargo proteins (Pepinsky 
etal, DAM and Cell Biol. 13,1011-1019(1994)). In this study, specific inhibition 
of human papillomavirus E2 transaction by intracellular delivery of a dominant 
negative E2 protein was demonstrated. 
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According to the invention, HIV tat residues 47-59 preferably comprise a 
core sequence for delivering an antibody, an antibody fragment or attached protein 
sequence when the tat residues form a fusion protein with the attached sequence to 
the cell interior (e.g., to the cell nucleus), and which can be manipulated by. 
5 mutagenesis as further described herein in order to improve upon its function. It is 
advantageous that this preferred segment of the HIV tat protein according to the 
invention is incapable of activating the fflV-LTR, and is non-toxic to the cell 
(Fawell et al., Proc. Natl. Acad. Set USA 91, 664-668 (1994); Repinsky et al., DNA 
andCellBiol. 13, 1011-1019(1994)). Thus, a particularly preferred protein import 
10 sequence according to the invention is the tat protein import sequence, especially 
thatofhumaninmiunodeficiencyvimsfHIV). The HIV protein import sequence 
desirably can be obtained from any strain of HIV (e.g., HIV-1, or HW-2). 

The protein import sequence can be obtained by any appropriate means, e.g., 
produced using genetic engineering techniques, chemically synthesized, or 
15 purchased from a commercial source. Also, desirably the tat protein import 

sequence can be from a virus other than HTV, such as equine infectious anemia virus 
(e.g, Carroll et al., /. Virol, 65, 3460-67 (1991)), and simian immunodeficiency 
virus (e.g., Chakrabarti et al., Nature, 328, 543-47 (1987); Arya et al., Nature, 328 
548-550 (1987). The tat protein import sequence generally is understood as 
20 comprising the tat basic region (i.e., residues 49-57). When a tat protein import 

sequence from a species other than HIV is employed according to the invention, then 
desirably the region of the sequence corresponding to that described herein for the 
HIV tat protein import sequence is employed. 

An especially preferred tat protein import sequence according to the invention 
25 is a sequence selected from me group cons^^ 

residues 37-72, CFITKAmiSYGRKKRRQRRRPPQFSQTHQVSLSKQ (i.e., Cys 
Phe lie Thr Lys Ala Leu Gly He Ser Tyr Gly Arg Lys Lys Arg Arg Gin Arg Arg Arg 
Pro Pro Gin Gly Ser Gin Thr His Gin Val Ser Leu Ser Lys Gin [SEQ ID NO:4]), an 
HTV tat peptide comprising comprising tat residues 38-72, 
30 FrTKALGISYGRKKRRQRRRPPQFSQTHQVSLSKQ (i.e., Phe lie Thr Lys Ala Leu 
Gly lie Ser Tyr Gly Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin Gly Ser Gin 
Thr His Gin Val Ser Leu Ser Lys Gin [SEQ ID NO:5]) 5 an HTV tat peptide comprising 
tat residues 47-59, YGRKKRRQRRRPP ^ Tyr Gly Arg Lys Lys Arg Arg Gin Arg 
Arg Arg Pro Pro [SEQ ID NO:6]), and an HTV tat peptide comprising tat residues 49- 
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57, RKKRRQRRR (i.e., Arg Lys Lys Arg Arg Gin Arg Arg Arg [SEQ ID N0:7]). Of 
these different HTV tat peptide sequences that can be employed according to the 
invention, those comprising a tat protein import sequence corresponding to residues 
38-72 [SEQ ID NO:5] and 47-59 [SEQ ID NO:6] are most preferred. 
5 The conventional abbreviations for amino acids comprising proteins and 

peptides are used herein as generally accepted in the peptide art and as recommended 
by the IUPAC-IUB Commission on Biochemical Nomenclature (See, European J. 
Biochem., 138, 9-37 (1984)). Similarly, protein and peptide sequences are written 
according to the standard convention wherein the N-terminal amino acid is on the 
10 left and the C-tenninal amino acid is on the right (with corresponding nucleic acid 
sequences being written in a 5' to 3' direction). The term "peptide" as used herein 
refers to any length molecular chain of amino acids linked by peptide bonds, so long 
as the length of the peptide is less than that of a corresponding full-length protein of 
which the peptide forms a part. As used herein, "protein" refers to a full length (i.e., 
1 5 complete) protein having both amino and carboxy terminal ends. The peptides and 
protein of the invention desirably can be modified such as is known in the art. 

The proteins of the present invention preferably comprise an amino end and a 
carboxylend. Proteanswimamotnfiedammo-anaVorcarboxyl-tenmnmalso 
desirably can be employed according to the invention. Such proteins and peptides with 
20 modified termini are expected to have longer in vivo half-lives because endopeptidases 
have reduced activity with respect to proteins and peptides with modified termini. The 
peptides and proteins can comprise D- or L- peptides, or a mixture of the D- and L- 
amino acid forms. Proteins and peptides comprising L-amino acids are preferred. 
However, the D-form of the amino acids are also desirable since proteins and peptides 
25 comprising D-amino acids are expected to have a greater retention of their biological 
activity in vivo given that the D-amino acids are not recognized by naturally occurring 
proteases. Of course, proteins comprising the D-form of amino acids, unlike those 
comprising the L-form of amino acids, cannot be synthesized in a living cell, and must 
be produced by chemical means. 
30 Any appropriate expression vector (e.g., as described in Pouwels et al., 

Cloning Vectors: A Laboratory Manual (Elsevior, N.Y.: 1985)) and corresponding 
suitable host can be employed for production of peptides/proteins according to the 
invention. Expression hosts include, but are not limited to, bacterial species within 
the genera Escherichia, Bacillus, Pseudomonas, Salmonella, mammalian or insect 
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host cell systems including baculovirus systems (e.g., as described by Luckow et al., 
Bio/Technology, 6, 47 (1988)), and established cell lines such as the COS-7, C127, 
3T3, CHO, HeLa, BHK cell line, and the like. The ordinary skilled artisan is, of 
course, aware that the choice of expression host has ramifications for the type of 
5 peptide/protein produced. For instance the glycosylate of peptides produced in 
yeast or mammalian cells (e.g., COS-7 cells) will differ from that of peptides 
produced in bacterial cells such as Escherichia coll 

Alternately, the protein import sequences of the invention, as well as other 
peptide/protein sequences, can be synthesized using standard peptide synthesizing 
10 techniques well known to those of skill in the art (e.g., as summarized in Bodanszky, 
Principles of Peptide Synthesis, (Springer-Verlag, Heidelberg: 1984)). In particular, 
the peptides can be synthesized using the procedure of solid-phase synthesis (see, 
e.g., Merrifield, J. Am. Chem. Soc, 85, 2149-54 (1963); Barany et al., Int. J. Peptide 
Protein Res., 30, 705-739 (1987); and U.S. Pat. No. 5,424,398). If desired, this can 
15 be done using an automated peptide synthesizer. Removal of the t-butyloxycarbonyl 
(t-BOC) or 9-fluorenyhnetbyloxycarbonyl (Fmoc) amino acid blocking groups and 
separation of the peptide from the resin can be accomplished by, for example, acid 
treatment at reduced temperature. The peptide-containing mixture can then be 
extracted, for instance, with dimethyl ether, to remove non-peptide organic 
20 compounds, and the synthesized peptides can be extracted from the resin powder 
(e.g., with about 25% w/v acetic acid). Following the synthesis of the peptide, 
further purification (e.g., using high performance liquid chromatography (HPLC)) 
optionally can be done in order to eliminate any incomplete peptides or free amino 
acids. Amino acid and/or HPLC analysis can be performed on the synthesized 
25 peptides to validate the identity of the peptide. 

If desired, either the peptides or the proteins of the invention can be 
modified, for instance, by glycosylation, amidation, carboxylation, or 
phosphorylation, or by the creation of acid addition salts, amides, esters, in particular 
C-terminal esters, and N-acyl derivatives of the peptides of the invention. The 
30 peptides also can be modified to create peptide derivatives by forming covalent or 
noncovalent complexes with other moieties. Covalently bound complexes can be 
prepared by linking the chemical moieties to functional groups on the side chains of 
amino acids comprising the peptides, or at the N- or C-terminus. Such modifications 
can be particularly useful, for instance, in constructing bispecific molecules having a 
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ligand to a cell surface receptor attached to an antibody. Further modifications will 
be apparent to those of ordinary skill in the art. 



A Chimeric Molecule 

5 A suitable chimeric molecule according to the invention comprises a carboxy 

terminal protein import sequence and an amino terminal cargo region. Alternately, a 
suitable chimeric molecule desirably consists essentially of (or consists of) a carboxy 
terminal protein import sequence and an amino terminal cargo region. 

Optionally, a chimeric molecule further comprises a spacer sequence. Such a 
10 spacer sequence optimally is located between the protein import sequence and the 
cargo region. Preferably, a spacer sequence comprises from about 1 to about 50 
amino acid residues, and especially from about 1 to about 10 amino acids residues. 
The spacer sequence according to the invention must not interfere with the 
functionality of the remainder of the molecule (i.e., considered in toto, or considered 
1 5 in terms of its amino- and carboxy-terminal functionalities). Desirably the spacer 
sequence comprises glycine residues, proline residues, or a mixture of glycine 
residues and proline residues. Alternately, desirably the spacer sequence includes 
charged residues to assist with water solubility of the structure in which the spacer 
sequence is contained, and to minimally interfere with the amino and carboxy 
20 functionalities. Preferred residues include Arg, Asp, Glu, Ser, and Thr. Especially 
preferred residues are Arg, Asp, and Glu. Optimally, the spacer does not comprise 
Cys residues. 

When a chimeric molecule is produced by means of a nucleic acid (e.g., 
transcribed and translated in vitro), then desirably the portion of the nucleic acid 

25 " molecule that encodes the spacer sequence present in the chimeric molecule 

according to the invention (i.e., the "spacer coding sequence") is an amount of DNA 
that encodes from about 1 to about 50 amino acid residues in the resultant chimeric 
molecule, e.g., in the resultant polypeptide or protein. Preferably this means that the 
spacer coding sequence can span from about 3 to about 1000 base pairs. The spacer 

30 coding sequence can be longer than the number of residues encoding the amino acid 
sequence because the spacer coding sequence according to the invention can 
encompass an even number (e.g., particularly such as two, four, or six) of splice 
sites. Thus, some DNA present in the spacer coding sequence preferably may not 
contribute to the resultant chimeric molecule due to such splicing prior to translation 
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into nascent peptide/protein. The sequence of the spacer coding sequence optimally 
encodes a span of amino acid residues that does not interfere with the functionality 
of the remainder of the chimeric molecule of the invention. 

The chimeric molecule according to the invention can be prepared by any of 

-5 a number of conventional techniques. For instance, in the case of recombinant 
peptides, a DNA fragment encoding a desired peptide can be subcloned into an 
appropriate vector using well-known molecular genetic techniques (see, e.g., 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd ed. (Cold Spring 
Harbor Laboratory, 1989)). The DNA fragment can be transcribed and the peptide 

10 subsequently translated in vitro. Commercially available kits can also be employed 
(eg., such as manufactured by Clontech, Palo Alto, Calif.; Amersham Life Sciences, 
Inc., Arlington Heights, 111.; InVitrogen, San Diego, Calif., and the like). The 
polymerase chain reaction optionally can be employed in manipulation of nucleic 
acids. 

15 Alternatively, synthetic means (i.e., chemical synthesis) can be employed to 

obtain the peptide/protein and/or to synthesize the nucleic acid (e.g., that is used to 
obtain the peptide/protein). These are all standard experiments that are easily done 
by and well known to one skilled in the art. Automated equipment for polypeptide 
or DNA synthesis is commercially available. Host cells, cloning vectors, DNA 
20 expression controlling sequences, oligonucleotide linkers, and other reagents and 
components are also commercially available. 

In particular, a chimeric molecule can comprise non-native protein/peptide 
components, such as a non-native protein import sequence or a non-native cargo 
region (i.e., when the cargo region is a protein/peptide), or any mixture of native or 
25 non-native sequences. A protein/peptide as isolated from or observed in nature, in 
the absence of any human intervention regarding its composition, is a "native" 
protein/peptide. A "non-native" protein/peptide is one that preferably comprises 
amino acid residues, or a sequence of amino acids, that are not found in the 
protein/peptide sequence as isolated from or observed in nature, and that generally 
30 results from human intervention regarding the composition of the protein sequence 
(i.e., either by manipulating the nucleic acid or amino acid sequence and/or their 

means of synthesis). 

Preferably a non-native peptide/protein of the invention (e.g., a non-native 
protein import sequence and/or a non-native cargo region in the case where the cargo 
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region is a peptide/protein) differs from its native counterpart sequence in that it 
comprises one or more replacements (i.e., substitutions) in the amino acid sequence, 
or one or more additions or deletions in the amino acid sequence. In the case of a 
non-native protein import sequence, desirably such an addition, deletion, or 
5 replacement is made such that the protein import sequence comprises a binding 
domain, i.e., an attachment sequence or an epitope for an antibody that optimally 
. differs from (i.e., comprises a different sequence than) the binding domain of a 
native protein import sequence. According to the invention, however, optimally the 
functionality of the non-native protein import sequence is about the same as, if not 
10 better than, that of the native protein import sequence. In particular, it is 

contemplated that the "RGD" peptide motif present in a tat protein import sequence 
according to the invention can be modified (e.g., desirably by either deletion or 
replacement). 

15 Cargo Region 

The chimeric molecule of the invention desirably contains an amino terminal 
cargo region. This cargo region preferably comprises a molecule or portion thereof, 
especially a protein/peptide molecule (or a modified protein/peptide) that is to be 
delivered intraceUularly. Preferably the cargo region is covalently attached to the 
20 carboxy terminal protein import sequence, by means of a spacer sequence that 

comprises from about 1 to about 50 amino acid residues. Desirably, the cargo region 
comprises a moiety selected from the group consisting of antibodies (i.e., full length 
v antibodies or portions thereof as previously described), peptides (i.e., non-antibody 
peptides which together with the protein import sequence comprise a fusion protein), 
25 and non-proteinaceous molecules (including, but not limited to, carbohydrates, DNA 
intercalating agents, spin probes, fluorescent indicators of intracellular pH, 
environmentaUy-sensitive fluorophores, and fluorescent indicators for specific 
ligands). Preferably, as further described below, the cargo region comprises an 
antibody (or portion thereof), such as can be employed in establishing intracellular 
30 immunity. When the cargo region comprises a peptide (i.e., either a non-antibody 
peptide or an antibody), desirably this can be further modified by one or more means 
that, for instance, allow for detection of the resultant chimeric molecule. In this 
instance, preferred means of modification include incorporation of a suitable 
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fluorophore, particularly fluorescein, substituted fluorescein, and green fluorescent 
protein. 

Desirably, a cargo region comprises either an antibody (or portion thereof) or a 
pepti.de/protein, which are appended to the protein import sequence so as to comprise, 
5 respectively, an antibody fusion or a fusion protein. In particular, according to the 
invention, a cargo region does not comprise a protein import sequence as described 
herein. In an especially preferred embodiment, the cargo region comprises an antibody 
(or portion thereof) so as to together with the protein import sequence (and optional 
spacer) comprise a so-called invasive antibody. 



10 
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Antigens for Intracellular Immunization 

The methods and products of the invention desirably are employed to effect 
intracellular nnmunization against particular pathogens through interaction with 
(e.g., interference with the function of) their antigens. Preferred antigens for 
intracellular immunization according to the invention are hCMV antigens, especially 
gene products encoded within the major immediate-early (E) transcriptional unit 
and the UL44 gene product of hCMV (Hermiston et al, J. Virol. 61, 3214-3221 
(1987); Pizzorno et al., J. Virol. 62, 1167-1179 (1988); Stenberg et al., /. Virol. 63, 
2699-2708 (1989); Stenberg et al., J. Virol. 64, 1556-1565 (1990)), as further 

20 described below. 

The IE region encodes several proteins responsible for regulation of virus 
gene expression and subsequent viral replication (Azad et al., Antimicrobial Agents 
and Chemo. 37, 1945-1954 (1993); Pari et al, J. Virol. 67, 2575-2582 (1993)). The 
products of this transcriptional unit have been shown by using specific antisense 

25 oligonucleotides to be essential for production of infectious hCMV (Azad et al., 
Antimicrobial Agents and Chemo. 37, 1945-1954 (1993)). Oligonucleotides 
complementary to RNA encoding for IE86 (IE2, UL122) exhibit the most potent 
antiviral activity (Azad et al., Antimicrobial Agents and Chemo. 37, 1945-1954 
(1993)). 

30 The UL44 gene product is a phosphorylated protein of about 52kDa, which is 

one of the most immunogenic proteins during natural infection with hCMV (Landini 
et al., J. Clin. Microbiol. 27, 2324-2327 (1989)). This protein is associated with the 
viral DNA polymerase (UL54). Antisense RNA strategies have demonstrated an 
essential role for the UL44 proteins in hCMV replication (Ripalti et al., J. Virol. 69, 
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2047-2057 (1995)). 

Other hCMV antigens against which the invention desirably can be employed 
for effecting intracellular immunization include, but axe not limited to, hCMV DNA, 
hCMV RNA, UL123-IE72, UL122-IE86, UL122-IE55, UL36-38, US3, TRSI-IRSI, 
5 UL54, UL57, UL1 05, UL70, UL-83, and UL44, wherein the aforementioned names 
refer to open reading frame (ORF) designations based on the genome sequencing 
project (Chee et al, Current Topics in Microbiology and Immunology, 154, 125-169 
(1990)). 

Also, preferably the invention can be employed to effect intracellular 
10 immunization against other antigens, including antigens other than hCMV antigens, 
and including antigens other than viral antigens. 

Antibodies for Intracellular Immunization 

As a means of effecting intracellular immunization according to the invention, 

15 preferably antibodies are obtained that specifically recognize and interact with the 

antigens against which immunity is being effected. Generally, such invasive antibodies 
desirably are obtained by first obtaining antibodies against the preferred antigens (e.g., 
antibodies which disrupt the functioning of these antigens), and then rendering the 
antibodies invasive by engineering the antibodies to permit their intracellular delivery, 

20 and particularly, to permit their cytoplasmic and/or nuclear targeting. This 

modification of the antibodies according to the invention desirably is accomplished by 
attaching to the antibody a protein import sequence (e.g., an HIV tat protein import 
sequence), as previously described. 

Desirably, such an antibody "tagged" in this fashion with an intracellular 

25 protein import sequence exhibits an affinity for its target molecules that is unaltered. 
This is accomplished because, according to the invention, the protein import sequence 
is introduced into a region of the antibody sequence that is not responsible for epitope 
recognition. Generally, epitope recognition is confined to the N-terminus of an 
antibody or Fab fragment. Thus, for instance, desirably an HIV-2 tat protein import 

30 sequence (or another preferred protein import sequence according to the invention) is 
attached to the C-terminus of an antibody. This differs from other uses of tat for 
intracellular delivery which have been described, where tat is located at the amino 
terminus of a chimeric molecule (e.g., U.S. Patents 5,652,122, 5,674,980, PCT 
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international a P pUcationWO94/04686 )m d others), which requires in certain 
instances that a methionine residuebe addedin the construction. 

An antibody for intracellular immunization according to the invention 
desimblymcludes^ . 

for example, eimerintactimmun ^oglobulm molecules or portions mereof, such as those 

ora momfied version**^ 
10 Theantibodycanbe.forexample^^ 

IS directed)- Preferably me antibody accordmg to me invention is a Fab. Someexamples 
ofchimericmolecules that include an antibody component are setintheMowmg 
Example, However, other antibody constructions mat are known in the art can be 
employed in the invention and are contemplated herein. 

Desirably a* antibody is one that disrupts the viral functions of human 

20 cytomegalovirus (h^^^^ . 
Especiallypreferred are antibodies ^M^itoim**^^ 
function, and antibodies that impair viral nucleic acid metaboUsm (e.g., by selectively 
binding to viral nucleic acids). Particularly preferred antibodies accordmg to the 
invention are those directed against thehCMV P olymerase-associatedprotemUM4, 

phosphoproteinUL83, including, but not limited to, the antibodies Fab GL5, Fab 

GL14,andFabGL34. 

The antibody can be produced by any suitable technique, e.g., by 
conventional techniques for preparing monoclonal, polyclonal, single-chain, and 
30 bispecific antibodies, as well as more current recombinant DNA techniques that are 
familiar to those skilled in the art. In particular, preferably an antibody (e.g., a Fab) 
is produced as described in the further description and Examples, which follow. 
Chimeric molecules having a ligand component linked to an immunoglobulin 
constant region, and other immunoconjugates such as bispecific antibodies, 
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preferably can be made as described, for instance, in U.S. Pat. Nos. 4,816,567, 
5 349 053, 5,332,567, and 5,443,953, and PCT International Applications WO 
90/14424, WO 91/05805, WO 91/05871, WO 92/02553, and WO 95/16037; and 
Cook et al., J. Immunol. Methods, 171, 227-237 (1994). In particular, bispecific 
5 antibodies canbemadeby a variety of means, e.g., chemical tecnniques (see, e.g., 
Kranz et al., Proc. Natl. Acad. Set.. 78, 5807 (1981)), for instance, disulfide cleavage 
reformation of whole IgG or, preferably, F(ab') 2 fragments; fusions of more than one 

clone to form polyomas that produce immunoglobulins having more than one 

specificity (see, e.g., Segal et al., In Current Protocols in Immunology, Cohgan et al. 
10 (eds) vol i )2 .13.1-2.13.16(JohnWile y &Sons,Inc.(1995)));orb y genetic 

engineering (see, e.g., U.S. Pat. No. 4,816,567 and PCT totemational Patent 

Application WO 90/14424). 

Considerations Regarding Efficacy of Intracellular Antibodies for Effecting 

15 Intracellular Immunity 

There are multiple preferred embodiments of the method of using a chimeric 

m oleculeofthepr^^ 

to introduce a protein import sequence-containing construct (e.g., a tat protein 
import sequence containing construct) into any cell, even a cell that the protein 
20 import sequence binds and commands entry into with relatively low efficiency. This 
lattermost method can be carried out by modifying the cell to contain an increased 
number of protein import sequence binding sites. 

The maximum achievable in vivo concentration of antibody is approximately 
25 ug/ml = 2 x 10- 7 M (Schacker et al., J. Inf. Dis. 169, 37-40 (1994)). If uptake 
25 efficiency is of the order of about 1%, then the intraceUular concentration achieved 
is approximately 2 x 10" 9 M. This is a conservative estimate since an efficiency of 
about 3-60% has been described for tat-mediated delivery of heterologous proteins 
(Fawell et al., Proc. Natl. Acad. Sci. USA 91, 664-668 (1994)). Therefore, generally 
antibodies with of the order of nM are needed to achieve intracellular immunity 

30 according to the invention. 

Fabs derived from libraries typically have K^s in this range. Whole bivalent 
antibody molecules typically have affinities an order of magnitude or more higher. 
Furthermore, the affinities of recombinant Fabs can be improved by more than three 
orders of magnitude by in vitro mutagenesis and selection (Barbas et al., Proc. Natl. 
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a ,< rm 91 3809-3813 (1994); Yang etal.,/. Mot Biol. 254, 392-403 

achieved in gating * — * ™ — ' " 
, means of obtaining — efBoienoies fo, gethng .noises tn«o cells (t.e, 

desirably by attachment to protein import sequences). 
anLy^ployedtortoUaceUulaxinnn— a^av^patogon 

tasa^SonofO.o.arg^otaulewil.oMainadosnab.eefr.c ,(«*. 

cone— of aboo, 2 x 10^ M as described above correspond, to about 0 
15 ^eou,^ Therefore, foI cell dentin* rang, ofabo* ,0 -10 ca^l 
^Mvtoa.eabon.lO^loVol.cnlasofandbod^U.Agab.dnsiaprobab.y 

aoonservativoaa.inaa.aanroeloVoleculaspa.canbavebaendalive^into.a. 

^■ncu.nue.anas.ima.ad^axnnun.of^ou.SxlO 
20 Cb^bas^npona^vcwes^-V.U^^.nnp.b.^ 
La). Wo re .arg=tsa to adon, n v i voa W ea r s.obefoasib.= m u,.con telrt o, 

the invention. 

Generation of Human Fab. to bCMV (or other Vtral Epitopes) front Phage 

?<$ Display Libraries . . 

mordertoeffeot^Unlaxinnnnn^preferab.yafitata.eptatoobtant 

Lope, UU4andlE86. Since i.tonnneiy is no, taown in advene 
iebFabsabonldbedireotedfoxopnntalfunodonaiaedvi^aUbraryapproacb 
30 ^brnaUycanb.^loyed^rapidiyyioM^numbet.ofFabatea^^en. 

m h. obaraeterized in greater detaii (e.g., for effecting intracellular munumty). 

For tetance, preferably according to the invention, Fabs can be generated to 
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the viral polymerase-associated protein UL44 from, for instance, an HIV-1 
seropositive donor library. Should antibodies that recognize IE86 or other desired 
viral epitope not be recovered from any existing libraries, then new libraries can be 
constructed using appropriate tissue donors. As an example, young and otherwise 
5 healthy adults suffering from acute hCMV mononucleosis should provide an 
excellent donor pool for constructing a library for obtaining human Fabs to IE86 
since these patients frequently possess high serum antibody titers against a wide 
range of viral antigens. Serum samples from these patients can be examined for 
their IgGl, IgG2, IgG3, IgG4, IgAl and IgA2 reactivity against EE86, and against 
10 isolated domains of IB86. 

Thus, desirably according to this invention, phage display libraries and 
subsequent screening are employed to generate and obtain Fabs to other epitopes, 
including other viral epitopes, optimally which further will be manipulated to effect 
intracellular immunity. The illustrative means by which the antibodies can be 
1 5 obtained and screened are further described below. 

a) Clonin g Human Fabs from A ppropriate Human Donors 
In the case where it is desirable of necessary to construct phage libraries for 
obtaining Fabs, the cloned human Fabs desirably can be obtained from the 
appropriate human donor (e.g., a hCMV-infected donor, or a donor infected with 
20 another pathogen against which immunity is sought) as follows.. 

From about 3 to 5 donors having high serum titers to the hCMV IE86 and 
UL44 antigen (or other viral antigen), routine venipuncture (about 20 cc) and bone 
marrow aspiration (about 5 cc) is carried out. About 5 ml of bone marrow is 
aspirated and reverse transcribed to cDNA using standard oligo dT priming. Both 
25 lambda and kappa light chains desirably are PCR amplified using appropriate 
primers (e.g., for hCMV antigen primers, see: Kang et al., "Combinatorial 
Immunoglobulin Libraries in Phage." In: Methods: A Companion to Methods in 
Enzymology (R.A. Lemer and D.R. Burton, eds.), Vol. 2 pp 111-118. Academic 
Press, Orlando (1991); Williamson et al., Biochem. J. 277, 561-563 (1991)). The 
30 choice of heavy chain class for amplification depends in each case upon the 
measured serum titer. 

Following amplification with the various primer pairings, preferably the 
pooled light and heavy chain PCR products are cut with the appropriate restriction 
enzymes and cloned into an appropriate vector, e.g., pComb3 (Barbas et al., Proc. 
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m Acad. SC. 88, 7978-7982 (1991)), or otter appropriate vector, to give a phage 
^vHbrary. The libraries deaimbly are panned against 1)144, m86,o,other 

done by layering a solution of the library onto immobUiaed antigen (e.g., 
5 ta obilizedonp 1 as«ie,«hasarissneonl^plateor W en S ),inenba«ng,and 

phage-Fabs. Optionally, isolated domains of the epitope ate coated on ELISA wells 

to facilitate screening. 

Display phage derived from the final ronnd of panning preferably are etoted 
10 (eg with acid or excess soluble antigen) and converted to phagemid expressrng 
lombleFabs (e.,, Barbas e, a)., Proc. M. Acad. ScU 88, 7978-7982 (1991)) or 
other appropriate form. Of me obtained phagemitis, preferab)y abont 20-40 oiones 
^Wtianyaa^asbacterialsnpomateafcrreactiviVinanEUSAaaaayagamst 

to antigen with which they were penned. Since the PCR and phage amplification 
15 can produce repeat clones, positive clones desirably are seduced, or charactered 
by other appropriate means, to identify for further characterization mtd employ those 

which clearly are unique. 

h) GeneratiojHrfC^ 

The methods described above desirably should provide panels of Fabs to the 

epitope ThisisconfirmedmtheExamplesthatfollow^bichdescnbetbxee 
independent humanFab clones whichbind withhigh affinity and specificity to the 
hCMV UL44 protein and were obtained using these methods. 

Thus in particular, preferably according to the invention, the methods are 

of IE86 and to the transcriptional activation domains of IB86. as wells as to provuie 
panels of Fabs to other epitopes (e.g., other viral epitopes). For these methods, 
preferably the whole protein is included as well as the individual domams, for 
instance, to capture by the method certain epitopes that are dependent upon the 
30 integrityofthewholemoleculeasopposedtomerelyadomain. If subsequently 
Fabs to other proteins (e.g., viral proteins), or to epitopes on IE86 not present in the 
above-described panels are desired, then the libraries optionally are selected with a 
different antigen, or with an antigen that is presented in a different form. 
Alternately, preferably selection is directed to onepart of a molecule by blochng 
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other epitopes with existing antibodies (e.g. mouse antibodies or recombinant Fabs) 
prior to panning. The process optimally is carried out repeatedly to reveal responses 
to relatively minor epitopes. This should yield the desired specificities since it 
recently has been shown, for instance, that the epitope masking strategy can be used 

5 to access many different epitopes on a single protein (Ditzel et al., /. Immunol. 1 54, 
895-908; Binley et al., AIDS Res. Hum. Retroviruses (1996); Burton, "Human 
antibodies to viral pathogens from phage display libraries." In Vaccines 95; 
Molecular approaches to the control of infectious diseases. R.M. Chanock, F. 
Brown, H.S. Ginsberg, and E. Norrby, Eds. (Plainview, NY: Cold Spring Harbor 

10 Press), pp. 1-1 1 (1995)). Also, desirably antibodies are generated according to the 
' invention to functional sites from synthetic libraries using antigen masked at non- 
relevant epitopes. Such antibodies are likely to be of moderate affinity, and may 
require in vitro "affinity tuning" such as is known in the art (see, e.g., Yang et al., J. 
Mol. Biol. 254, 392-403 (1995)). 

15 

Design and Development of Molecularly Engineered "Invasive" Antibodies 

For effecting intracellular immunity, the present invention desirably provides 
a chimeric molecule consisting essentially of a protein import sequence attached to 
the terminus of an antibody directed against a pathogen, such that the attachment 

20 does not interfere with the effectiveness of the antibody. In particular, the invention 
desirably provides a human immunodeficiency virus (HTV) tat protein import 
sequence, preferably residues 38-72 or 47-59 of such a tat protein import sequence, 
attached to the C-terminus of an antibody. Optimally the antibody is directed against 
hCMV, preferably is an anti-UL44 antibody, and even more desirably is a Fab 

25 selected from the group consisting of Fab GL CMV 14 ('Tab GL14"), Fab GL CMV 
5 ("Fab GL5"), and Fab GL CMV 34 ('Tab GL34"). 

The Examples that follow describe the construction of chimeric molecules 
that contain the protein import sequence residues 38-72 of tat, or residues 47-59 of 
tat linked to the C-terminus of an anti-CMV (e.g., UL44) Fab. The constructs 

30 together with the original unmodified Fab, also have been "tagged" as described 
herein with green fluorescent protein (GFP). The GFP-fused constructs have many 
uses, including uses in experiments designed to determine the invasive and 
subcellular localization of cell-associated antibody by direct immunofluorescence. 
These GFP-tagged Fabs thus provide for optimizing conditions for cellular delivery. 
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Also, among other things, the original unmodified Fab and its GFP fusion desirably 
can be used as controls in experiments to assess antibody uptake. 

In order to compare the relative efficiencies by which the unmodified and tat- 
tagged Fabs are bound to the cell surface; optimally the time course of binding using . 
5 radioiodinated or biotinylated Fab is determined, for instance, using HeLa cells 
and/or human foreskin fibroblasts. Specifically, the cells desirably are treated with 
Fab for various times, washed in medium, and the amount of surface-bound Fab is 
determined using standard means. Results described in the Examples that follow 
confirm that the tat-tagged Fab shows dramatically enhanced binding to the cell 
10 surface. Labelled Fab also desirable is used to determine the affinity and number of 
binding sites involved in cell surface interaction. 

The subcellular localization of cell-associated antibody preferably is 
followed, e.g., by direct immunofluorescence using GFP-Fab, FITC-conjugatedFab, 
and by indirect immunofluorescence, for instance, employing a mouse anti-human 
15 IgG F(ab')2 specific anti-serum as the primary antibody and an anti-mouse F(ab')2 
specific FITC conjugate as the secondary antibody. Cells preferably are fixed and 
examined under a light fluorescence microscope at different times after addition of 
test Fab. Results described in the Examples that follow confirm the ability of the 
tagged antibodies to selectively bind the cell surface, and ability to penetrate the cell 
20 and translocate to the nucleus. However, it is not necessary according to the 

invention that the protein import sequence and/or or intracellular antibody physically 
bind the cell surface, i.e., other means of cell entry also are contemplated by the 
invention. 

25 Recognition of and Interference With Viral Protein Function in Intracellular 
Immunity 

The methods and products of the invention desirably are employed to effect 
intracellular immunity, especially viral immunity. 

The immediate-early (IE) proteins of herpesviruses are a group of virally 
30 encoded nuclear phosphoproteins. They are the first proteins expressed in the 

infectious cycle and coordinate subsequent viral gene expression. The expression of 
these proteins are important events, not only in virus growth, but also in subtle 
processes such as viral latency. In this application a preferred target according to the 
invention (i.e., when employed for effecting intracellular immunity against hCMV) 
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is the major IE protein of hCMV termed DB86 (DE2-UL122). It is known that 
regulation of viral gene expression by this protein constitutes an important control 
mechanism of viral growth and perhaps latency. It should be noted that while the 
IE86 protein of hCMV provides a good candidate protein for antiviral targeting, in 
5 principle, any of the IE proteins or combinations thereof may well be equally 
effective targets. However, at present little information is available about the 
functional role of the other hCMV IE proteins. 

Functional in vitro assays have been developed that faithfully reconstitute, in 
part, transcriptional regulation by purified recombinant 1E86 protein (Jupp et al, J. 
10 Virol 67, 7539-7546 (1993); Wu et al., J. Virol. 67, 7547-7555 (1993)). Using 
these systems, the mechanism by which the viral IE protein interacts with the host- 
cell transcriptional machinery associated with viral promoters desirably can be 
further investigated, as described in the Examples which follow. These assays 
include various DNA-binding and in vitro transcription systems and provide ideal 
1 5 secondary screening procedures for candidate Fabs identified in the primary screens. 
The IE86 protein encodes three distinct functional domains, a DNA-binding domain 
located between amino acid positions 290 to 579, and two transcriptional activation 
domains located between amino acid positions 1 to 89 and 544 to 579, respectively 
(Stenberg et al., J. Virol 64, 1556-1565 (1990); Jupp et al. 3 1 Virol 67, 7539-7546 
20 (1993); Wu et al, I Virol -67, 7547-7555 (1993); Baracchini et al., Virology 188, 
518-529 (1992); Hermiston et al, J. Virol 64, 3532-3536 (1990); Jupp et al, J. 
Virol 67, 5595-5604 (1993); Macias et al., Proc. Natl Acad. Set USA 90, 707-711 
(1993); Pizzorno et al., J. Virol 65, 3839-3852 (1991)). Since Fabs targeting these 
domains likely will disrupt IE protein function, it is valuable to identify and 
25 characterize Fabs binding to these regions of IE86. Since these domains account for 
approximately 67% of the EE86 coding sequence, it is possible to obtain inhibitory 
Fabs using the methods of the invention. 

Another preferred target for effecting intracellular immunity (i.e., when the 
invention is employed for effecting intracellular immunity against hCMV) is the 
30 UL44 gene product, a phosphorylated DNA-binding protein of approximately 52 
KDa (Landini et al., /. Clin. Microbiol 27, 2324-2327 (1989)). This protein is 
expressed beginning in the early phase of infection and accumulates in the nuclei of 
infected cells throughout the late phase. Biochemical evidence suggests that UL44 
is the hCMV homologue of HSV UL42, one of a subset of essential genes required 
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for viral DNA replication (Ertl et al, /. Virol 66, 4126-4133 (1992)). The HSV 
UL42 protein is known to act as a catalytic subunit of the viral DNA polymerase by 
enhancing its processivity. The hCMVUL44 product is also highly associated with 
the viral polymerase and is believed to function in an analogous manner (Ertl et al., 
5 /. Virol. 66, 4126-4133 (1992)). Similar to the HSV UL42, the hCMV UL44 protein 
exhibits DNA binding characteristics that are thought to be independent of its 
polymerase-associated activity. The DNA-binding capacity of UL44 indicates that 
there may be other functions associated with this protein. Importantly, the hCMV 
UL44 protein has been shown to be essential for viral replication (Ripalti et al., J. 
1 0 Virol. 69, 2047-2057 (1995)). Thus, the design of intracellular antibodies which 
block nucleic acid or polymerase binding to UL44 accordingly is a very attractive 
approach to the development of antivirals which are likely to be highly viral-specific, 
and are especially preferred antibodies for use in the invention. 

The method of the invention also preferably is employed for effecting 
15 intracellular immunity against other epitopes (e.g., other viral epitopes). The 

descriptions herein for hCMV are preferred embodiments that are merely exemplary 
of the use of the invention. 

a) Honing and Purification of Recombinant and T1L44 Proteins. 
In order to obtain antibodies according to the invention, desirably the 
20 antigens against which the antibodies are to be obtained are isolated, e.g., by any 
appropriate means, e.g., means as described herein. 

The construction of the His-tagged D386 expression clone (p86-6His) has 
been described and can be done based on the pDS56,6His vector system (Leuthardt 
et al., Gene 68, 35-42 (1988)). Similarly, a His-tagged UL44 expression clone also 
25 has been constructed based on the same vector system. This vector system contains 
six codons encoding histidine (His) residues immediately downstream of the ATG 
initiation codon. The generation of expression clones for the specific sub-domains 
of proteins can be prepared in a similar manner, e.g., by PCR-directed cloning. 
Briefly, the generation of the DNA-binding domain (or other appropriate domain) 
30 desirably is accomplished by fusing amino acid codons 290 to 579 of IE86 to the 6- 
His tagged residues. Similarly, the construction of the activation domains preferably 
involves fusing amino acid codons 2 to 90 (AF-1) and 540 to 579 (AF-2) to the 6- 
His residues, respectively. N-terminal and C-terminal deletion clones desirably also 
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ccli and purified by affinity chromatography as described below. 

Namely, Escherichia coU harboring each of the expression plasmrds 

5 wiihIPTG. CllsgenerallyarotarvestedafteraboutPOtoabotttnOmm^of 
induction, and to are lysed in buffer that preferably contains 50 mM sodrum 
phosphate (pH 7.8), 1 mM PMSF, 1% Tween 20, IMNaCl and 1 mg of lysozyme 
parml Lysatesare cleared by cemrifugation and subjected to Ni chelate 
cbomatoCThyoveracolurrmequfiibratedinbufferoon^gSOrnMaodta 

10 phos P ha.e(pH7.8),500mMNaCl,andlO%glyeerol. After washing™* fins 
b„ffer,fteeol«rmriswaahedinasimilarbuffera.pH6.0. Afinalwashrs 
performed with fire latter buffer containing 75 mM imidazole prior to etauon m the 
same buffer containing 500 mM imidazole. Fractions containing each of the 
poteina are pooled and dialyzed against storage buffer. A. this stage of purifioatron 
15 we have found, generally the protein products are more than about 90% pure. 

To eonfimr that the correct protein products have been expressed, Western 
analysis desirably is performed, for instance, using a monoclonal antibody drreeted 
agamst AM and an amr-pepttde antibody that recognizes AF-2 of DM, and oloned 
human Faba that bind UL44. Alternate means of detecting expression also ean be 
20 employed. 

Domains 

Two lines of evidence indicate that interrupting the ability of IE86 to bind 
DNA impairs its function. First, mutations within the DNA-binding domain 
25 abrogate the function of IE86 as both an activator of early promoters and as a 

represS or of its own promoter (Stenberg et al., J. Virol 64, 1556-1565 (1990); Jupp 
etal. J. Virol. 67, 7539-7546 (1993); Wu et al., J. Virol. 67,7547-7555(1993); 
Baracchini et al., Virology 188, 518-529 (1992); Hermiston et al., J. Virol. 64, 3532- 
3536 (1990); Macias et al., Proc. Natl. Acad. Sci. USA 90, 707-711 (1993)). 
30 Second, hCMV early promoters contain functional DNA-binding sites for IE86 (Arlt 
etal /. Virol. 68, 4117-4125 (1994)). Therefore, preferably according to the 
invention, Fabs that inhibit DNA-binding desirably are selected from the previously 

described library panels. 

Optimally such Fabs are selected by testing for their ability to disrupt IE86 
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binding in electrophoretic mobility shift assays (EMSA). Using this approach, 
desirably, bacterially expressed IE86 is pre-incubated for about 1 hourwuh 
increasing concentrations of individual Fabs prior to the addition of radiolabeled 
double-stranded oligonucleotides corresponding to the IE86 binding site. After an 
5 additional -30 minutes of incubation time, reactions preferably are loaded onto a 
nativepolyacrylarnidegelandsubjectedtoelectrophoresis. Fabs that do not bmd 
IE86 can be used in control experiments to monitor for non-specific effects. To 
independent comto^ 

footprinting experiments desirably canbe performed. In these experiments, the 
10 same procedures are followed as described for the EMSA experiments, except the 
reactions preferably are challenged with DNase I, processed, and the products 
resolved on a sequencing gel. Finally, the Fabs also desirably are tested m a 
functional in vitro transcription assay. Previously, it has been shown that binding of 
IE86 to the crs element is an essential requirement for mediating transitional 
15 repression (Wu et al., J. Virol. 67, 7547-7555 (1993)). Using these in vitro systems 
(and as described in the following examples), selected Fabs preferably are pre- 
incubated with IE86 prior to the addition of test template (i.e., containing the crs 
element) and control template (i.e., having a mutated crs element) to the reactions. If 
Fabs interfere with DNA-binding, there accordingly should be observed an 

20 inhibition of IE86 repression. 

In the event where there is failure to identify Fabs that disrupt DNA binding, 
preferablyFabs that recognize the two activation domains (AF-1 and-2)ofIE86can 
be identified and characterized. For these experiments, Fabs from the above- 
described panels desirably are selected for either AF-1 or AF-2 binders, e.g., by 
25 affinity chromatography. Briefly, the Fabs desirably are applied to a 200 microliters 
Ni 2+ chelate columns equilibrated in a low salt buffer to which purified bacterially 
expressed ffis 6 -tagged AF-1 or AF-2 domains have been previously bound. After 
extensive washing in the low salt buffer, the column is stepped-washed with about 
400 microliter aliquots of the same buffer containing increasing concentrations of 
30 salt An aliquot is removed from each fraction and subjected to SDS-PAGE. 

Following electrophoresis, the gel is transferred to a membrane and probed for Fabs 
by western analysis. Affinity chromatography with full-length IE86 bound to the 
columns can also be used to corroborate that Fab fragments bind holo-ESe, thereby 
emninating Fab fragments that either recognize an incorrectly folded epitope or 
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those that might be blocked ftom binding due to inter-domain folding. Functional m 
vitro transcriptional assays are available for IE86 activation (Klucher et al, Mol. 
Cell. Biol. 13, 1238-1250 (1993)), however the precise mechanism and domains 
responsible for DE86 mediated in vitro activation is at present not known. Because 
5 these activation domains are relatively small, likely only a limited number of Fabs 
target these regions and therefore it may not be necessary to apply any additional 
selective screens. The ability of these Fabs to inhibit activation functions in co- 
transfection assays also can be performed, as is known in the art. In summary, these 
methods according to the invention should lead to the identification of Fabs capable 
10 of interrupting IE86 function. 

c) ^hncto Inhibition QfUI 44 DNA-anri Polymerase binding 
Studies on the HSV TJL42 protein indicate that interrupting the ability of the 
protein to bind either DNA or polymerase impairs its function. Because the 
mechanism by which different members of the herpes virus family replicate appears 
15 tobemesamMtisexpeotedmatmehC^ 

manner. Therefore, desirably according to the invention, Fabs are obtained that 

inhibit DNA-binding. 

A preferred selection system for accompUsbing this goal is by testing for the 
Fabs' ability to disrupt UL44 binding during DNA cellulose chromatography. For 
20 these experiments, desirably, bacterially expressed UL44 is preincubated for about 1 
hour with increasing concentrations of individual Fabs prior to loading on a DNA 
cellulose column. The columns are then desirably step- washed with increasing 
concentration of salt. The hCMV UL44 protein by itself elutes from such columns 
at about 400mM NaCl (see, e.g., Examples). If the antibodies disrupt DNA binding, 
25 an elution of UL44 in the presence of the test Fab should occur in the lower salt 
wash fractions. Antibodies that do not interact with UL44 or DNA can be used as 
controls. 

The interaction of UL44 with DNA is thought to be non sequence-specific. 
However, it can be determined whether UL44 has any sequence preference by 
30 performing the CASTing (cyclic amplification and selection of targets) technique to 
fish through a set of randomly generated synthetic polynucleotides for any specific 
DNA sequences to which UL44 might bind. If UL44 is found to recognize DNA 
sequence-specificaUy then the ability of Fabs to disrupt DNA-binding can be further 
confirmed by performing the EMSA screens as described above for E86. 
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In addition to identifying Fabs that disrupt DNA binding, Fabs tbat interfere 
with the ability of UL44 to associate with the viral DNA polymerase desirably can 
be identified and characterized according to the invention. For these experiments, 
Fabs desirably are selected for their ability to inhibit binding of polymerase to UL44 
5 by affinity chromatography. Briefly, Fabs preferably are applied to Ni 2+ chelate 
columns equlibrated in a low salt buffer to which purified bacterially expressed His- 
taggedUL44 (or sub-domains) have been previously bound. HCMVDNA 
polymerase (i.e., radio-Labelled in a cell-free translation system) desirably is applied 
to the column and washed in the equilibration buffer. A recombinant that expresses 
0 mnctionalhCMVDNApolymeraseinanmvi^ transcription/translation system 
(Ye et al., /. Virol 67: 6339-6347 (1993)) desirably can be applied in these studies. 
Basically, an aliquot is removed from each fraction and subjected to SDS-PAGE 
using conditions to ensure tbat about 100% of polymerase binds to the column. 
Following electrophoresis, the gel desirably is dried and exposed to autoradiographic 
15 film. If the test Fab disrupts polymerase association withUL44 then it is expected 
that polymerase will be observed in the eluate. However, if the Fabs fail to interfere 
wim the association, then fractions will score negative for the presence of Labelled 
polymerase. Again, the Fabs that do not interact with UL44 or polymerase have 
practical utility as controls for specificity. 
20 The interaction domain ofUL44 with polymerase also can be mapped by 

using different deletion mutants of UL44 in the UL44 affinity chromatography 
described above. These associations can be confinned, for instance, by co- 
immunoprecipitation studies (i.e., including pull-down experiments with GST fusion 
constructs), and by the yeast two hybrid-system. Mutants of UL44 that are incapable 
25 of interacting with polymerase serve as additional controls for the above 

experiments, hi summary, these methods provide still further means leading to the 
identification of Fabs capable of interrupting UL44 function. 

d) Sr.r P . ft nin p of Potential Inhibitory Fabs by Microinjection 
The above selection strategies desirably can be employed to identify a 
30 number of Fabs for inhibiting hCMV expression. Because viral late gene expression 
requires viral DNA replication, inhibiting either IE or UL44 protein function will 
block the ability of late genes (e.g., such as p P 150 (UL32)) to be expressed. 

To confirm that the above-identified Fabs have the potential to block full 
hCMV expression in cells, microinjection of Fabs into infected cells desirably is 
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performed. This can be done, for instance, using an Eppendorf microinjection 
system, or other appropriate means. Preferably, human foreskin fibroblast (HFF) 
cells (or other appropriate cells) are infected at a multiplicity of infection (m.o.i.) of 
from about 1 to about 10. After absorption of virus, infected cells desirably are 
5 injected (preferablyinmaediately for ffi inhibitory Fabs, and preferably about 10 
hours post-infection for anti-UI44 Fabs) with test and control Fabs (e.g., about 2 
mg/ml in PBS). At about 72 hours post-infection, the cells desirably are fixed and 
stained with an antibody against a true late protein (e.g., p P 150, UL32). The 
percentage of viral inhibition preferably is calculated (using a minimum of about 1 00 
0 injected cells) according to the formula: Viral inhibition (%) = (A-B)/A x 100, where 
A is the percentage of surrounding non-injected cells staining for late antigen, and B 
is the percentage of microinjected cells staining for late antigen. These experiments 
should confirm the ability of the Fabs to inhibit hCMV expression as weU as provide 
as an additional screen for revealing the in vivo potency of candidate Fabs. 
l5 e) T.v ag iv R Artibodv Titian nf bCMV Ggng Expression and Replication 

The above selection strategies desirably can be employed to identify Fabs for 
reconstructing in the delivery system.. Candidate Fabs desirably further are 
molecularly engineered with the tat-delivery sequence to provide for intracellular 
delivery. To confirm that these Fabs have been endowed with the ability to be taken 
20 up by cells, preferably, indirect immunofluorescence of cells treated with the Fabs is 
performed. Also, desirably studies are done to monitor the effects of Fabs on cell 

growth and viability. 

Thus, experiments desirably are done to confirm that the intracellular Fabs 
interfere with IE86-induced activation of early promoters and repression of the 

25 MIEP in transient co-transfection assays using wild type and mutant lE86-responsive 
reporter constructs. To validate that these Fabs are capable of disrupting IB86 
regulation of hCMV early promoters in the context of a viral infection, preferably 
humanforeskmfibroblast(HFF)ceUsareinfectedwimh01V. After absorption of 
virus, infected cells desirably are treated with selected Fabs with and without 

30 transporter tags, and harvested for RNA extraction at different times (e.g., between 
about 8 and about 72 hours post-infection). Infected cells that have not been treated 
with Fabs desirably are employed as an additional control. The steady-state levels of 
two early gene transcripts (e.g., the 2.7 Kb transcript and the polymerase transcript 
which are known to be regulated by IE86) preferably also are monitored by 
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quantitative SI nuclease protection experiments using standard protocols. These 
experiments accordingly should confirm the ability of the Fabs obtained according to 
the invention to inhibit IE86 from mediating transcriptional regulation of viral 
promoters in living cells. Further, these studies serve as an additional screen for 
5 revealing the in vivo potency of candidate Fabs. 

To examine modulation of hCMV permissiveness by the so-called invasive 
Fabs, HFF cells desirably are infected with hCMV at m.o.i.s ranging from about 0.05 
to about 5. Infected cells preferably are treated with varying concentrations of Fabs 
with and without the delivery sequence, and optimally, one-step growth analysis is 
10 performed. Cell lysates and supernatants then desirably are prepared at various 
times post-infection from Fab-treated and untreated cells, and monitored for hCMV 
replication by plaque assay (e.g., Wentworth et al., Proc. Soc. Exper. Biol. & Med. 
135, 253-258 (1970)). Values for 50% effective concentration (EC 50 ) required to 
inhibit production of infectious virus for both extracellular and intracellular virus 
15 yields desirably are evaluated. These experiments accordingly can be employed to 
confirm that Fab treatment of infected cells results in an efficacious inhibition of 
hCMV replication. To verify that this effect is not cell-type restricted, experiments 
preferably are repeated with glial (U373) and retinoic-acid treated embryonal (NT2- 
Dl) cells exposed to variable levels of Fabs. Also, to test that inhibition effected by 
20 the Fabs is not viral-strain specific, experiments optimally are conducted with not 
only different laboratory strains of hCMV (AD169 and Towne), but also with recent 
clinical isolates (Gerry). 



Design of Antibodies Capable of Sequence Specific DNA Recognition 

25 As previously described, a preferred target for invasive antibodies capable of 

reaching the nucleus is DNA. Antibodies capable of sequence-specific DNA 
recognition optimally can be targeted to viral promoters, for instance, and used to 
repress viral replication. It is generally believed that disrupting protein-DNA 
interactions is not particularly virus-specific because the same transcription factors 

30 are used normally by the host. Accordingly, targeting a viral factor binding to viral 
DNA tends to obviate toxicity issues (e.g., issues arising from interference with host 
cell transcription factors). Moreover, the precise target location of a repressor that 
functions by steric interference, such as a DNA-binding Fab, is absolutely critical for 
effecting inhibition (i.e., it must target a sequence between the TATA box and the 
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initiation site) (Wuetal.,/. Virol. 67,7547-7555(1993)). Because repression 
occurs only at this location it further restricts the action of the inhibitor to a defined 
locus, since binding elsewhere would have no effect. The challenge is then to 
produce antibodies capable of DNA sequence-specific recognition. As described 
5 herein, the methods of the invention desirably can be employed along these lines, 
preferably using hCMV as a model system. 

a) SP.l P .r.tion and Vanati™ of Sequen ce - Sp e cific R ecognition of DNA by 

Fabs 

Desirably, experiments are done to confirm the DNA sequence specificity of 
10 theantibodyFabcontainmgmeTFEBrecogmtionmotifdescribedabove. Already 
some evidence suggests sequence-specific DNA recognition (McLane et al., Proc. 
Natl. Acad. Set, 92, 5214-5218 (1995)). The binding of the Fab-Ebox to the MLP 
probe has been further investigated in DNAse I protection and in methylation 
interference assays. The DNA sequence specificity of antibody recognition further 
1 5 desirably is examined by a target detection assay (Thiesen et al., Nucleic Acids Rsch. 

18, 3203-3209 (1990)). 

In this assay, preferably a purified putative DNA binding protein (e.g., here a 
Fab) and a pool of random double stranded oligonucleotides (preferably randomized 
at the position of the CACGTG sequence in the MLP probe) harboring PCR primer 

20 sites are included in a cycle which desirably consists of four separate steps: (1) a 

DNA-protein incubation step; (2) a protein-DNA complex separation step (i.e., using 
an anti-Fab affinity column); (3) a DNA elution step (e.g., with high salt); and (4) a 
PCR amplification step. The stringency of selection optimally can be increased in 
consecutive cycles. Since tiny amounts of retained DNA can be rescued by PCR, the 

25 buffer systems, salt concentrations and competitor concentrations can be varied to 
determine optimal binding oligonucleotides, following cloning and sequencing. The 
method has been successfully applied to the determination of the DNA binding 
specificities of mutated zinc finger domains (Thiesen et al., FEBS Letters 283, 23- 
26(1991)). 

30 These experiments optimally can be employed according to the invention to 

confirm the number of bases involved in Fab-Ebox recognition, and the specificity 
of the interaction. This specificity then desirably can be optimized, e.g., using a 
randomization/selection strategy. Namely, the positions around the central arginine 
residues in the TFEB motif, located within the heavy chain CDR3, of Fab-Ebox 
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which ate currently alanines, desirably are randomized using random 
oligonucleotides and overlap PGR. This desirably will generate a library of phage 
display FabsbasedontheFab-Ebox. This library optimally will be panned agaanst 
the MLP probe to select the variants with the highest affinity for the probe. Further, 

5 tig ht specificity canbeencou^^ 

case where as sequence such CACGTG is the target recognition sequence but that 
cross-reactivity with CTCGTG is present, then the library optionally is pre-adsorbed 
on aprobe bearing CTCGTG, and/or panning is carried out in thepresence of excess 
soluble probe bearing CTCGTG. The overall strategy of randomization and 

1 o selection for varying DNA specificity has been successfully employed for zinc finger 
domains (Rebar et al., Science 263, 671-673 (1994)). 

Further illustrations of this strategy and generation of sequence specific DNA 
binding antibodies are set out in Le Blanc et al., Biochemistry 37 (17), 6015-22 
(1998), andMcLane et al., Proc. Natl. Acad. Sci. 92 (11), 5214-8 (1995), herein 

15 incorporated in their entireties by reference. 

1 0 patios -f^w p.*. ag a Mea ns for Enhancing the Complexity of 

gp qnftn^fl Recognition 

Accomplishment of specific recognition of the 6-base sequence using the 
TFEB motif will allow the potency of the corresponding invasive Fab to be 
20 assessed, for instance, in an in vitro system. In some cases, it is more likely that the 
hest Fab obtained will show very tight recognition of 3-4 bases with some vanaton 
permitted in the others. This might be expected, for instance, for recognition in the 
major groove where 4 bases will be presented on one face of the double helix. In 
that case, desirably bivalentFab recognition ofarepeat sequence can be employed 
25 according to the invention. This should allow for more specific recognition of a 
target site. For example, in the case where CACG is the Fab recognition motif and 
this sequence occurs as a direct repeat with a spacing of 12 nucleotides, then a 
bivalent Fab recognizing the sequence CACG would have the advantage that the 
repeat is 12 base pairs apart which corresponds roughly to one turn of the double 
30 heUxsomatbmdmgtomesamefaceofmeDNAhelixcouldoccm.Themoduto 

flexibility of the Fab arms of the antibody molecule should be of assistance in 

permitting bivalent recognition. 

Thus, using the methods of the invention, binding of the most promising 
mutant Fab-Ebox as a bivalent molecule to its best recognition sequence repeated 12 
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base pairs apart desirably can be accomplished. The Fab preferably is rendered 
bivalent, for instance, by use of a redesigned oligonucleotide primer which extends 
the existing heavy chain C-terminus into the hinge region of the molecule. In so 
doing two extra cysteine residues optionally are incorporated into the sequence 
5 yielding Fab'. Following gentle reduction and reoxidation, the secreted Fab' will 
form F(ab')2 via interchain hinge disulphide bonds. These hinge disulphides are 
more susceptible to reduction than those formed between the heavy and light chains 
in the Fab' molecule, hence F(ab') 2 may potentially be broken into monomer in the 

intracellular environment. 
10 Alternately, preferably F(ab')2 can be produced by chemically linking two 

Fab' molecules together. For instance, hinge sulphydryl (SH) groups are efficiently 
coupled via a stable thioether bond using bis-maleimide crosslinkers such as o- 
phenylenedimaleimide (o-PDM). In this instance, preferably the heavy chain of the 
Fab is extended to include only one extra cysteine residue at its C-terminus, thus 
15 avoiding the possibility of crosslinking SH groups on the same Fab' molecule. The 
length of the region connecting the folded Fab to this cysteine optionally is varied to 
optimize bivalent binding. The specificity of bivalent binding desirably is 
characterized, for instance, by competition experiments and by the target detection 
assay described above. 
20 c) Regulation of Viral Expressi on hv DNA-Binding Fabs 

Desirably, at a next stage, the ability of the most sequence-specific DNA- 
targeted Fab to inhibit viral gene expression as an invasive antibody is confirmed. 
This preferably is accomplished by cloning the best recognition sequence (either 6 
bases, or a repeated sequence of 3-4 residues) into the hCMV promoter (MIEP) by 
25 PCR mutagenesis of the IE86 (crs) element. Replacing the crs element with binding 
sites for other DNA binding proteins is sufficient for transcriptionally blocking the 
MIEP. By analogy, if an Fab recognition motif were to occur in the same location as 
the crs element then likely the Fab should be able to effect inhibition of transcription 
from the MIEP. This can be confirmed, for instance, by using the previously 
30 described in vitro transcription systems. If the Fab is found to inhibit transcription, 
an invasive antibody can be constructed, and inhibition of viral promoter function 

assessed by transfection assays. 

This strategy preferably can be completed based not only on the TFEB 

recognition motif, but also, based on motif(s) occurring naturally in the hCMV 
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promoter. As an example of a potential target for this sort of approach, in the 
following sequence in the IE86 binding site (crs), the underlined bases have been 
identified as those which are absolutely required for functionality: 

5 5 ' - AGCTCGTTTAGTAACCGTCAG-3 ' [SEQIDNO: 16] 



The sequence CGT (underlined) is appropriately spaced by 12 nucleotides and is 
conserved amongst other IE86 binding sites found in early promoters of hCMV (Arlt 
etal., J. Virol. 68,4117-4125 (1994)). Therefore, it should also be possible to 
1 0 interfere with EB86 function by usurping or displacing its interaction with nucleic 
acids by directly competing with its binding site. If these experiments described 
above fail to provide a suitable Fab, a new Fab containing a different motif 
engineered into the heavy chain CDR3 desirably can be employed instead, 
d) Animal mo del for testing in vivo efficacy 
1 5 According to the invention, optionally, a transgenic animal model system can 

be employed for investigating tissue-specific expression of human CMV (Baskar et 
al., J. Virol 70, 3207-3214 (1996); Baskar et aL, J. Virol. 70, 3215-3226 (1996); see, 
procedures described in the Cold Spring Harbor Laboratory Manual "Manipulating a 
Mouse Embryo"). Preferably this model is based on transgenic mice containing the 
20 lacZ gene under the control of the MTEP of hCMV. In the transgenic mice, lacZ 
expression occurs in the brain, eye, spinal cord, esophagus, stomach, pancreas, 
kidney, bladder, gonads, spleen, salivary gland, thymus, bone marrow, skin, 
cartilage, and muscle. The cell types which demonstrated expression in these organs 
were predominantly epithelia and endothelial cells. The majority of tissues and cell 
25 types which display MIEP activity parallel tissues naturally infected by hCMV in the 
human host. These observations strongly suggest that the MIEP is a crucial 
determinant for directing the tissue-tropism and state of activation in the host. 
Somewhat surprisingly, in this animal model system a lack of expression occurs in 
the liver and lung, organs commonly associated with hCMV infection. Recent 
30 experiments have indicated that the initiation of an immune response in these organs 
can lead to activation of lacZ expression from their silent states. Thus, this animal 
model systems serves as a good model for studying in vivo aspects of hCMV, 
especially the acute and reactivated/latent states of viral expression as determined by 
the MIEP. 
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s^uences is cloned iraplaceof or in conjunoUoBWi* the delivery pepbd.Tbas 
rab-pe.ttde^desirablyi.e.preaseaoafteaurfaoeofmamentouspbage.The 

10 tasunrn.ary.dredevelopmen.ofnovelnroleoularlytargetedapproaobesto 
anti-viraf tberapy of persistent infections necessitates two essential cnfena ,o 
befirtfiUed. Theseaie: (1) the mmironrent to bave the capacity to affect the 
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^^tos^fytb^eri^FW^h^lveantib^eaa^dearsred 
to oonrba. vinrses inside oeUs as oppose to their conventional external mode of 
action. Second, -body phage display affords ^possibility of obtefninghuman 
macules of high affinity and tight selectivity. Third, since human antibodres are 
20 naturafly occurring molecules in humans, they generally have low toxicity and, by 
targeting viral encoded functions, should avoid broad spectrum acuvrry. 

A Construct According to the Invention 

Accordingly, the invention also provides a construct, e.g., a construct 
25 oon^apmtemin^s^wHchc^ytsdteanadveornon-nahvo 

protemtaponsequenoeacoordingtedremvention A "construct" is any form of 
mdeouleinwhichaproteinunport sequence is operatively connected withacargo 
region and that can be employed for intracellular delivery. For instance, Are 
connection between me protein import soquenoe and the cargo region can bea 
nonoovalent bond (eg., as in antibody/antigen binding), or a covalent bond 

In this sense, a "construef • includes (but is not limited to) a otmneno 
molecule as defined herein. However, whereaa a chimeric molecule in the case of a 
protein fusion or antibody fusion desirably is present in aproteinaceous form, a 
construct includes vectors (e.g., polynucleotide veetors) suoh as a polynucleotide 
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vector that encodes a protein fusion or antibody fnsion according to the invention. 

Along these lines, a "construct" includes, but is not limited to a vector (e.g., 
having genetic incorporation of a protein import coding sequence and/or perhaps 
another coding sequence into a polynucleotide vector), or a conjugate-type vector (i.e., 

5 wherein a coding sequence, polypeptide sequence, or other moiety is noncovalently 
associated with a vector), or other appropriate moiety that can be employed for cell 
entry. As used herein a "vector" is a vehicle capable of effecting gene transfer, andhas 
1he general meanmg of that term as un^^^^ Preferablya 
vector according to the invention comprises a nucleic acid sequence that encodes a 

1 0 protein import sequence and a cargo region as described herein, desirably which are so 
arranged on the vector as to form, upon translation, a fusion protein or antibody fusion, 
as discussed above. Along these lines, such a vector further preferably can comprise a 

spacer coding sequence. 

The vectors according to the invention include, but are not limited to, plasmids, 
1 5 phages, and viruses. Preferably, a vector according to the invention is a viral or 

plasmid vector. In particular, desirablythe vector comprises anucleic acid sequence 
that encodes native or non-native HIV tat peptide sequence (i.e., SEQ ID NO:4, SEQ 
ID NO:5, SEQ ID NO:6, or SEQ ID NO:7). The vectors according to the invention are 
not limited to those that can be employed in the method of the invention of 
20 intracellular delivery, but also include intermediary-type vectors (e.g., "transfer 

vectors") that can be employed in the construction of other vectors, for instance, in the 
construction of other vectors, for instance, in the construction of those vectors that are 
actually employed to contact cells. 

In terms of a viral vector (particularly a retroviral vector, especially a 
25 replication-deficient viral vector), such a vector can comprise either complete 

capsids (i.e., including a viral genome such as a retroviral genome) or empty capsids 
(i.e., in which a viral genome is lacking, is incomplete, or is degraded, e.g., by 
physical or chemical means). Preferably the viral vector comprises complete capsids, 
i.e., as a means of carrying one or more moieties (e.g., cargo, such as antibody 
30 peptides and non-antibody peptide; or their encoding nucleic acids). Since methods 
are available for transferring viruses, plasmids, and phages in the form of their 
nucleic acid sequences (i.e., RNA or DNA), a vector similarly can comprise RNA or 
DNA, in the absence of any associated protein such as capsid protein, and in the 
absence of any envelope lipid. Similarly, since liposomes effect cell entry by fusing 



41 



PCTAJS02/33305 

WO 03/035892 

with cell membranes, a vector can comprise liposomes, with constitutive nucleic, 
acids encoding the coat protein. Such liposomes are commercially available, for 
instance, from Life Technologies, Bethesda, Md., as well as from other vendors, and 
can be used according to the recommendations of the manufacturer. The soluble 
5 protein (as produced using methods described herein) can be added to the liposomes 
either after the liposomes are prepared according to the manufacturer's instructions, 
or during the preparation of the liposomes. 

As stated previously, a chimeric molecule of the invention can be in the form 
of a fusion protein or antibody fusion, as well as in the form of another molecule. 
10 Suchafusionprotemorantibodyfusioncanbeproducedbymeansofavector^ 
wherein the protein import sequence, optional spacer sequence, and further cargo 
region, are in their nucleic acid form, and are operably linked so as to form a gene that 
can be transcribed and translated. 

A "nucleic acid" is a polynucleotide (DNA or RNA). A "gene" is any nucleic 
1 5 acid sequence encoding a protein or a nascent RNA molecule. A "gene producf ' is 
either an as yet untranslated RNA molecule transcribed from a given gene or coding 
sequence (e.g., mRNA or antisense RNA) or the polypeptide chain (i.e., protein or 
peptide) translated from the mRNA molecule transcribed from the given gene or 
coding sequence. Whereas a gene comprises coding sequences plus any non-coding 
20 sequences (e.g. promoter, introns, etc.), a "coding sequence" does not include any non- 
coding (e.g., regulatory) DNA. A gene or coding sequence is recombinant if the 
sequence of bases along the molecule has been altered from the sequence in whichthe 
gene or coding sequence is typically found in nature, or if the sequence of bases is not 
typically found in nature. According to this invention, a gene or coding sequence can 
25 be wholly or partially synthetically made, can comprise genomic or complementary 
DNA (cDNA) sequences, and can be provided in the form of either DNA or RNA. 

Non-coding sequences or regulatory sequences include (but are not limited to) 
promoter sequences. A "promoter" is a DNA sequence that directs the binding of RNA 
polymerase and thereby promotes RNA synthesis. "Enhancers" are cis-acting elements 
30 of DNA that stimulate or inhibit transcription of adjacent genes. An enhancer that 

inhibits transcription is also termed a "silencer". Enhancers differ from DNA-binding 
sites for sequence-specific DNA binding proteins found only in the promoter (which 
are also termed "promoter elements") in that enhancers can function in either 
orientation, and over distances of up to several kilobase pairs, even from a position 
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downstream of a transcribed region. According to the invention, a coding sequence is 
"operably linked" to a promoter (e.g., when both the coding sequence and the promoter 
constitute a passenger gene) when the promoter is capable of directing transcription of 
that coding sequence. 

5 A gene according to the invention (i.e., a gene that results from the operable 

linkage of nucleic sequences that encode the protein import sequence, cargo region, 
and optionally, the spacer sequence) can be any gene, and desirably is either a 
therapeutic gene, a gene that has an immunizing effect upon the cell (e.g., by encoding 
an antibody fusion), or a gene that includes a reporter coding sequence. Preferably such 
1 0 a gene is capable of being expressed in a cell in which the vector has been internalized. 
A reporter coding sequence is a nucleic acid sequence that encodes a protein/peptide 
(or a portion thereof) and can in some fashion be detected in a cell. A therapeutic gene 
is which exerts its effect at the level of DNA, RNA or protein and can be employed to 
obtain a therapeutic effect, e.g., in the treatment of a disease, disorder, or condition. 
1 5 The protein encoded by the therapeutic gene also desirably can exert its therapeutic 
effect by resulting in cell killing. Namely, expression of the gene in itself can lead to 
cell killing as with expression of the diphtheria toxin A gene, or the expression of the 
gene can render cells selectively sensitive to the killing action of certain drugs, e.g., 
expression of the HSV thymidine kinase gene renders cells sensitive to antiviral 
20 compounds including acyclovir, gancyclovir and FIAU (l-(2-deoxy-2-fluoro-|J -D- 
arabinofuranosil)-5-iodouracil). 

Moreover, the therapeutic gene can exert its effect at the level of RNA, e.g., 
by encoding an antisense message or ribozyme, a protein which affects splicing or 3 ' 
processing (e.g., polyadenylation), or can encode a protein which acts by affecting 
25 the level of expression of another gene within the cell (i.e., where gene expression is 
broadly considered to include all steps from initiation of transcription through 
production of a processed protein), perhaps, among other things, by mediating an 
altered rate ofmRNA accumulation, an alteration of mRNA transport, and/or a 
change in post-transcriptional regulation. Thus, the use of the term "therapeutic 
30 gene" is intended to encompass these and any other embodiments of that which is 
more commonly referred to as gene therapy and is known to those of skill in the art. 
In particular, preferably a therapeutic gene is one having therapeutic utility. 
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Method of IntraceUular Transfer 

By "selective introduction" is meant introduction into a particular cell rather 
than into another cell. According to the invention, a cell can be any cell, and, 
preferably, is aeukaryotic cell. A eukaryotic cell is acell which possesses a nucleus 
5 surroundedby anuclear membrane. Preferably the eukaryotic cell is of a multicellular 
species (e.g., as opposed to a unicellular yeast cell), and, even more preferably, is a 
mammalianCoptimally human) cell, m particular, the cell is any cell in which a known 
protein import sequence according to the invention is known to effect (e.g., command, 
mediate, or facilitate) cell entry, or which has been modified such that the protein 
10 import sequence can effect cell entry. Thus, the method especially can be effectively 
carried out using any cell in which the HIV tat protein import sequence is known to 
command cell entry, or any cell that has been modified (e.g., modified to contain a cell 
surface binding protein recognized by the tat protein import sequence) such that the 
HIV tat sequence enters the cell. 
1 5 Cells that can be employed thus include, but are not limited to, a wide variety 

of different cell types such as avian cells, and mammalian cells including but not 
limited to rodent, primate (such as chimpanzee, monkey, ape, gorilla, orangutan, or 
gibbon), feline, canine, ungulate (such as ruminant or swine), as well as, in particular, 
human cells. Desirably such a eukaryotic ceU is one in which a chimeric molecule or 
20 construct according to the invention is stably maintained, or is at least maintained for a 
period of time (i.e., typically from anywhere up to three months, and potentially even 
after three months, including indefinitely) after entry into the cell. 

A cell can be present as a single entity, or canbe part of a larger collection of 
cells. Such a "larger collection of cells" can comprise, for instance, a cell culture 
25 (either mixed or pure), a tissue (e.g., muscle or other tissue), an organ (e.g., heart, lung, 
liver, gallbladder, urinary bladder, eye, and other organs), an organ system (e.g., 
skeletal system, circulatory system, respiratory system, gastrointestinal system, urinary 
system, nervous system, integumentary system or other organ system), or an organism 
(e.g, a bird, non-human mammal, human, or the like). Preferably, the 
30 organs/tissues/cells being targeted are muscle (e.g., heart and skeletal), spleen, liver, 
and lung. However, the organs/tissues/cells being targeted canbe of the circulatory 
system (e.g., including, but not limited to heart, blood vessels, and blood), respiratory 
system (e.g., nose, pharynx, larynx, trachea, bronchi, bronchioles, lungs, and the like), 
gastrointestinal system (e.g., including mouth, pharynx, esophagus, stomach, 
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intestines, salivary glands, pancreas, liver, gallbladder, and others), urinary system 
(,g., such as kidneys, ureters, urinary bladder, urethra, and the like), nervous system 
(e g., including, but not limited to brain and spinal cord, and special sense organs such 
as the eye) and integumentary system (e.g., skin). Even more preferably, the cells bemg 
5 targeted are those which, without further modification, already are capable of being 
enteredby virtue of the HIV-tat protein import sequence function (i.e., cells which, as 
isolated from nature, already possess a cell surface binding site capable of interacting 
with the HIV-tat protein import sequence). 

Thus, in particular, a cell into which selective introduction is accomplished 
10 according to the invention differs from another cell (in which introduction of an 
HIV-tat construct is not accomplished) in that the cell so being targeted comprises a 
particular cell surface binding site for the HTV tat protein import sequence. By 
"particular cell surface binding site" is meant any site (i.e., molecule or combination 
of molecules) present on the surface of a cell which provides a site with which the 
15 HTV tat protein import sequence can interact to bind the cell as further described 
herein, and thereby promote cell entry. A particular cell surface binding site 
therefore encompasses a cell surface receptor, and preferably is a protein (including 
a modified protein), a carbohydrate, a glycoprotein, a proteoglycan, a lipid, a mucin 
molecule or mucoprotein, and the like. However, the present method of selectively 
20 introducing a HIV tat construct (e.g., including a tat protein import sequence- 
containing chimeric molecule) into a cell is not limited to any specific mechanism of 
cellular interaction (i.e., interaction with a given cell surface binding site), and is not 

to be so construed. 

The method by which selective introduction of a HIV-tat containing 
25 construct (e.g., a chimeric molecule) into a cell is accomplished comprises 

contacting the cell with the construct (e.g., chimeric molecule), preferably so as to 
result in a cell having the construct (e.g., chimeric molecule) therein. Such 
"contacting" can be done by any means known to those skilled in the art, and 
described herein, by which the apparent touching or mutual tangency of the cell and 
30 the construct (e.g., the chimeric molecule) can be effected. For instance, contacting 
of the cell and the construct (e.g., chimeric molecule) can be done by mixing these 
elements in a small volume of the same solution. Alternately, the cell and the 
construct (e.g., the chimeric molecule) need not necessarily be brought into contact 
in a small volume, as, for instance, in cases where the construct (e.g., the chimeric 
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molecule) is administered to a host, and the construct (e.g., the chimeric molecule) 
travels by the bloodstream or other bodily fluid to the cell in which it selectively 
binds and enters. 

This method preferably is carried out wherein the construct (e.g., the chimeric 
5 molecule) comprises either a non-native or native protein import sequence, particularly 
a HTV tat-2 protein import sequence, as described above, and as further described 
herein. Thus, the invention provides a method of using a chimeric molecule according 
to the invention to effect entry into a cell, wherein the method preferably comprises 
contacting the cell with the chimeric molecule in such a manner that the chimeric 

10 molecule is internalized. 

The invention further provides host cells transformed with the constructs 
(e.g, the chimeric molecules) of the invention. The host cell comprising a nucleic 
acid species (e.g., present in a vector) that encodes a chimeric molecule according to 
the invention can be employed in a method of making a chimeric molecule 

15 comprising a carboxy terminal protein import sequence and an amino terminal cargo 
region. Namely, preferably this method comprising: (a) obtaining a host cell 
containing such a nucleic acid species, (b) culturing the host cell, and (c) recovering 
the chimeric molecule from the culture. These steps are well known in the art, and 
described in the Examples. 

20 

Means of Administration 

The method of intracellular transfer of the present invention can be employed 
to contact cells that are located either in vitro or in vivo. According to the invention 
"contacting" comprises any means by which aproduct is introduced mtracellularly, the 
25 method is not dependent on any particular means of introduction and is not to be so 
■ construed. Means of introduction are well known to those skilled in the art, and also 
are exemplified herein. 

Accordingly, introduction of the products of the invention (e.g., vectors, 
compositions, and/or chimeric molecules) can be effected, for instance, either in 
30 vitro (e.g., in an ex vivo type method of gene therapy or in tissue culture studies) or 
in vivo by electroporation, transformation, transduction, conjugation or triparental 
mating, (co)transfection, (co-)infection, membrane fusion with canonic lipids, high 
velocity bombardment with DNA-coated microprojectiles, incubation with calcium 
phosphate-DNA precipitate, direct microinjection into single cells, and the like. 
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Similarly, the products can be introduced by means of cationic lipids, e.g., 
liposomes. Such liposomes are commercially available (e.g., Lipofectin®, 
Lipofectamine™, and the like, supplied by Life Technologies, Gibco BRL, 
Gaithersburg, Md., and other commercial vendors). Other methods also are 
5 available and are known to those skilled in the art. 

One skilled in the art will appreciate that suitable methods of administering a 
product of the present invention to an animal (e.g., a human) for purposes of gene 
therapy (see, for example, Rosenfeld et aL, Science, 252, 431-434 (1991); Jaffe et 
aL, Clin. Res., 39(2), 302A (1991); Rosenfeld et aL, Clin. Res., 39(2), 311A (1991)), 
10 chemotherapy, cell marking, and vaccination (i.e., effecting intracellular immunity) 
are available, and, although more than one route can be used for administration, a 
particular route can provide a more immediate and more effective reaction, or a more 
convenient or less invasive means, than another route. 

Pharmaceutically acceptable excipients also are well-known to those who are 
1 5 skilled in the art, and are readily available. The choice of excipient will be 

determined in part by the particular method used to administer the product according 
to the invention. Accordingly, there is a wide variety of suitable formulations for use 
in the context of the present invention. The following methods and excipients are 
merely exemplary and are in no way limiting. 
20 Formulations suitable for oral administration can consist of (a) liquid solutions, 

such as an effective amount of the compound dissolved in diluents, such as water, 
saline, or orange juice; (b) capsules, sachets or tablets, each containing a predetermined 
amount of the active ingredient, as solids or granules; (c) suspensions in an appropriate 
liquid; and (d) suitable emulsions. Tablet forms can include one or more of lactose, 
25 mannitol, corn starch, potato starch, microcrystalline cellulose, acacia, gelatin, 
colloidal silicon dioxide, croscarmellose sodium, talc, magnesium stearate, stearic 
acid, and other excipients, colorants, diluents, buffering agents, moistening agents, 
preservatives, flavoring agents, and pharmacologically compatible excipients. Lozenge 
forms can comprise the active ingredient in a flavor, usually sucrose and acacia or 
30 tragacanth, as well as pastilles comprising the active ingredient in an inert base; such as 
gelatin and glycerin, emulsions, gels, and the like containing, in addition to the active 
ingredient, such excipients as are known in the art. 

A product of the present invention, alone or in combination with other suitable 
ingredients, can be made into aerosol foraiulations to be administered via inhalation. 
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These aerosol formulations can be placed into pressurized acceptable propellants, such 
as mcWorodifluoromethane, propane, nitrogen, and the like. They also can be 
formulated as pharmaceuticals for non-pressured preparations such as in a nebulizer or 
an atomizer. 

5 Formulations suitable for parenteral administration include aqueous and non- 

aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers, 
bacteriostats, and solutes that render the formulation isotonic with the blood of the 
intended recipient, and aqueous and non-aqueous sterile suspensions that can include 
suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The 
10 formulations can be presented in unit-dose or multi-dose sealed containers, such as 
ampules and vials, and can be stored in a freeze-dried (lyophilized) condition requiring 
only the addition of the sterile liquid excipient, for example, water, for injections, 
immediately prior to use. Extemporaneous injection solutions and suspensions can be 
prepared from sterile powders, granules, and tablets of the kind previously described. 
15 Additionally, a product of the present invention can be made into suppositories 

by mixing with a variety of bases such as emulsifying bases or water-soluble bases. 

Formulations suitable for vaginal administration can be presented as pessaries, 
tampons, creams, gels, pastes, foams, or spray formulas containing, in addition to the 
active ingredient, carriers such as are known in the art to be appropriate. 
20 The dose administered to an animal, particularly a human, in the context of 

the present invention will vary with the coding sequence or antibody appended to the 
protein import sequence, the composition employed, the method of administration, 
the purpose of administration, and the particular site and organism being 
administered to. However, preferably a dose corresponding to an effective amount 
25 of a product (e.g. , a product containing a protein import sequence-comprising 

construct according to the invention) is employed. An "effective amount" is one that 
is sufficient to produce the desired effect in a host, which can be monitored using 
several end-points known to those skilled in the art. For instance, one desired effect 
is nucleic acid transfer inside of a host cell, followed by intracellular expression of 
30 one or more sequences contained in the construct. Such transfer can be monitored 
by a variety of means, including, but not limited to, a therapeutic effect (e.g., 
alleviation of some symptom associated with the disease, condition, disorder or 
syndrome being treated), or by further evidence of the transferred gene or coding 
sequence or its expression within the host (e.g., using the polymerase chain reaction, 
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Northern or Southern hybridizations, or transcription assays to detect the nucleic 
acid in host cells, or using immunoblot analysis, antibody-mediated detection, or 
particularized assays to detect protein or polypeptide encoded by u,e transferred 

Lleicacid,o«^ 

no means all-inclusive, and further methods to suit the specific application W1 U be 
apparent to the ordinary skilled artisan. 

Generally, to ensure effective transfer of the products of the present 
invention, it is preferable that sufficient transfer be achieved such that antibodies 
(e g Fabs) can be introduced into cells at a level such that sufficient affinity is 
obtained to permit intracellular activity. For instance, desirably transfer will result 
from in an intracellular concentration of antibody (or fusion protein) of about 2xW 
» M although an intracellular concentration from about 2 x 10 -6 M to about 2 x 10 
M is contemplated by the present invention. However, this is a general gmdehne 
which by no means precludes use of ahigher or lower amount, as rmghtbe 
warranted in a particular application, either in vitro or in vivo. For example, the 
actual dose and schedule can vary depending on whether the composite is 
administered in combination with other pharmaceutical compositions, or depending 
oninterindividual differences in pharmacokinetics, drug disposition, and 
metabolism. Similarly, amounts can vary in in vitro applications depending on the 
particular cell type utilized or the means by which the product is transferred. One 
skilled in the art easily can make any necessary adjustments in accordance with the 
necessities of the particular situation. 

The general toxicity of antibody within any particular cell type and potential 
non-specific interactions of antibodies with normal ceUular proteins are possible 
problems that have been encountered with other antibody usages, and should be 
considered using the invasive antibody approach of the invention. However, the 
studies carried out to date with intracellularly expressed antibodies give no 
indication that this will be major problems in the method of the invention (see, e.g., 
Chen et al., Proc. Natl. Acad. Sci, 91, 5932-5936 (1994); Duan et al., Proc. Natl. 
Acad Sci., 91, 5075-5079 (1994); Mhashilkar et al., EMBO J. 14, 1542-1551 
(1995)- Maciejewski et al., Nature Medicine 1, 667-673 (1995); Marasco et al., 
Proc Natl Acad. Sci. USA 90, 7889-7893 (1993)). Toxicity problems have not been 
reported for the intracellular expression of antibodies against three different 
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antigens Those studies also do not report problems with non-speeific antibody 
reactivities. Given the expected high affinities and exquisite specificities of the 
preferred antibodies according to the invention, it is not anticipated that difficulties 
will be obtained from antibody cross-reactivity. In addition, no marked alterations » 
5 cell viability were observed after two weeks of chronic treatment of human 

fibroblasts with invasive test Fabs (see, Examples). Cell viability and cell-toxicrty 
desirably can be monitored as described in the Examples. 



KXAMPLES 
10 The Mowmg examples former*^ 

should not be construed as in any way limiting its scope. 

Example 1 : Obtaining Human Fabs to hCMV 
Human anti-hCMV Fab fragments were derived from phage libraries 
15 generated from immune donors. To prepare Fab fragments to a chosen antigen 
requires that the library donor has a serum titer to that antigen. In CMV 
mononucleosis, specific anti-viral IgG antibodies appear 2-3 weeks after the onset of 
symptoms, peak within 1-2 months and persist for years (Alford et al., 
"Cytomegalovirus". In: Virology, second edition, (Fields, B.N., Knipe, D.M. et al, 
20 e ds)NewYork:RavenPress,Ltd.,ppl981-2010(1990);Landinietal.,Pr O g.M^. 

Virl 35 152-185 (1988); Rasmussen et al., Current Topics in Microbiology and 
Immunology. 154, 221-254(1990)). The same pattern of antibody production 
occurs in subclinical infection but the response is quantitatively less than seen with 
symptomatic infection, atleastin the early phase of the response. Both structural 
25 andnon-slructuralhCMV proteins eUcU strong humoral responses. The best 

characterized responses to non-structural proteins are to the major immechate-early 
proteins (IE72 (UL123) and IE86 (UL122)), the DNA polymerase accessory protein 
TJL44 and the major DNA binding protein UL57 (Hayes et al., J. Infect. Dis. 1 56, 
615-621 (1987); Gold et al., J. Med. Virol. 25, 237-243 (1988); Van Zanten et al., 
30 Clin. Exp. Immunol. 83, 102-107 (1991); Shiraki et al., J. Med. Virol. 34, 280-283 
(1991); Mazeron et al., J. General Virol. 73, 2699-2703 (1992)). It is likely that 
human antibodies to further non-structural proteins could be characterized with the 

availability of purified antigen. 

The human monoclonal Fabs were cloned from combinatorial libraries on the 
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etal Adv. in Immunol, (1994)). Antibody-producing cells, e.g., bone marrow and 
peripheral blood lymphocytes were isolated, and RNA was prepared and reverse 
transcribed into cDNA. Heavy <Fd portion) and light chains were then amphfied 
5 using the PCR reaction. This provided the genetic information necessary to produce 
the Fab antigen binding fragment of the antibody molecule. The heavy and light 
chain DNA were then cut with restriction enzymes and cloned sequentially into a 
phage display vector. This vector displays an Fab molecule monovalently on the 
surface of the phage while containing the antibody genes on the inside. This 
10 recapitulates the main features of the B cell in a natural immune response. The 
library comprises an ensemble of phage-Fabs, and the typical library size is similar 
to that of natural antibody repertoires (£10 8 ). 

Specific antibodies were selected from the library making use of the 
displayed Fah in a process termed ••panning". Typically the library contained lo' 2 
15 phage-Fabs (about 10* copies of eachmember of a 10° initial library) in about 50 ul 
of solution. This solution was layered onto antigen immobilized on plastic, 
incubated, and then non-specifically bound phage were removed by repeated 
washings. The remaining phage, greatly enriched for specific phage-Fabs, were then 
eluted, e.g., by adding acid or excess soluble antigen. This process, a round of 
20 panning, generally produced an enrichment factor for specific phage of the order-of 
100. The panning was then repeated, usually 3 or 4 times, to reveal specific phage 
occurring only singly in the initial library, i.e., with frequencies of the order of 1 in 

io 7 . 

Finally, the specific phage-Fabs were converted to plasmids expressmg 
25 soluble Fabs by excision of the gene which otherwise directs the Fab to the phage 
surface, and religation. The plasmids were used to transform bacteria. Individual 
clones, carrying one plasmid and one set of antibody genes, were.then grown up. 
The supemates or periplasmic cell extracts from each clone contained Fab, which 
was screened for reactivity with antigen, usually using a conventional ELISA assay. 
30 Two libraries were constructed from HTV-1 seropositive individuals with 

antibody titers against hCMV. These libraries were constructed in P Comb3 
phagemids by isolating and restricting genomic DNA, size fractionating fragments, 
and ligating into restricted P Comb3 using standard protocols. These libraries were 
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panned agatos. lysa.es of hCMV-infeCed ceUs. Of 25 dones examnred fiom 
s tagle li ta a t y,6diffaren t heav y -andli g h.cha»se,u M cepain 11 g S we re .baerved. 

Thesedones recognized tofec.ed ells, and we re characterized use of 
tanunoprecipitarion and Western blotting assays. One clone (i.e., Fab 11) 
5 tantunopt^ipttatedanoveibandingpattem. Of the remaining oio.es two were 
fonnd to recognize tite 65 kDa lower matrix phosphoprotein, UL83, and three (,.e., 
Fabs GL5, 14 and 34, recognized the polyn.erase-associa.ed protein (rephcatton 
factor), VIM. The amino acid sequence of the essential heavy chain regions of the 
three anti-UL44 Fabs is shown below in Table 1. 
10 Both of the UL83 and UL44 antigens are strongly immunogenio in humana, 

and are present in large quantities in viral lysates, so it was no. prising ftat 
antib odieawitt..h K especfficitie S werereoovered. The antibodies were able .0 
strongly compete with donor serum for binding .0 viral lysnte, cxtnfirming men htgh 
serum levels to me tadividuals fiom whom tire tibraries were eonsttuCeti. 

15 TaMel. Partial Heavy Chain Amino Acid Sequences Of hCMV UL44 Specific 
Fabs. 



FAB 

GL CMV 14 
GLCMV5 
GL CMV 34 



toaMT?,WORK3 CDR3 



Tm A ME WORK 4 



KKKBK 33KSB 0 SKST 

VYWCAR [SEQ ID 9] 
NO: 8] 

5E5KS S5SS5ST SSSBCT 

YCAK [SEQ ID NO: 
11] 

RVTMTRDTSLNTV GDRQFGFRGTDWF WGQGTlaWVSS 
SiSlNLGDTAV DP [SEQ ID NO: 14] [SEQ ID NO. 15] 
YFCAR [SEQ ID 
NO: 13] 



20 



ExamP le2: Engineering an ami-hCMV Fab for IntraceUular Targetag 
A number of fusion construct were created in which tat sequences were 
liakedto an anti-UDM recombinant Fab (GL14), as described in Example 1. The 
anti-UL44-tat fusion construct was prepared using the P Comb3 phagemid m winch 
the antibody was originally cloned and isolated (Barbas et al., Proc. Natl. Acad. Sou, 
25 89, 10164-10168 (1992)). 
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For one construct, a tat nucleic acid sequence that encodes tat peptide 
residues 38-72 [SEQ ID NO: 5] was PCR amplified and cloned into pComb3 via a 
unique Xbal site present at the carboxy terminal end of the antibody light chain 
sequence. A short peptide linker (i.e., Ser Gly Gly Gly) was inserted between the 
5 antibody and tat sequence to avoid steric interference with cysteine residue 214 of 
the light chain, which avoidance is crucial to the correct folding of the Fab molecule. 

A second tat-Fab construct was constructed in which a nucleic acid sequence 
corresponding to tat amino acid residues 47-59 [SEQ ID NO:6] was fused, again via 
the short peptide linker, to the C- terminal ends of both the light and heavy antibody 
chains, affording bivalent tagging of tat peptide on a single Fab molecule. In this 
construct, the sequence corresponding to tat residues 47-59 was inserted via Ncol 
sites occurring inpComb3 at the C terminal sequence of each of the antibody chains. 
In the P Comb3 system, following translation, the light and heavy (Fd) antibody 
chains are directed independently to the periplasm of the bacterium, where the light 
and heavy chain assemble to form a Fab. Antibody is then released from the cell by 
breaking the outer membrane of the bacterium, usually through a freeze/thawing 
procedure. Antibody-tat (i.e., "tat-tagged Fab") is then purified to homogeneity, if 
desired, for Stance, by affinity chromatography. The antibodies then can be 
employed for intracellular delivery. 



10 
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Example 3 : The anti-hCMV Fab Binds the Cell Surface 
It was investigated whether the tat-tag confers enhanced binding to the cell 
surface. Initial experiments were carried out with use of HeLa cells. For these 
experiments, biotinylated Fabs, control Fabs, and tat-tagged Fabs, each at a 
25 concentration of about 2ng/microliter, were incubated on ice for 20 minutes with 10 5 
cells. The cells were then extensively washed to remove unbound ligand. The 
amount of bound Fab was quantitated by ELIS A assay using HRP-conjugated 
streptavidin. The results of these studies are depicted in Fig. 1, which confirms the 
selective binding of the tagged Fab relative to the untagged version. Separate 
30 experiments confirmed that the majority of the cell surface binding occurs within 10 



minutes. 



Studies carried out to date with intraceUularly expressed antibodies give no 
indication that there should be any problem with toxicity or non-specific interaction 
with normal cellular proteins (Duan et al, Proc. Natl. Acad. Sci. 91, 5075-5079 
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(1994); Maciejewski et al., Nature Medicine 1, 667-673 (1995); Maraseo et aL, 
Proc. Natl. Acad. Sci, 90, 7889-7893 (1993)), Also, no marked alterations in cell 
viability was observed after two weeks of chronic treatment of human fibroblasts 
with the test invasive Fabs. 

5 

Example 4 : Internalization and Sub-Cellular Localization of the anti-hCMV Fab 

To determine internalization and the sub-cellular localization of tat-Fab, 
direct visualization of FITC-conjugated tat-Fab was examined in living cells as these 
events occurred with use of live cell imaging. The cells were incubated with Fabs 
10 external to the cell and directly imaged at various times post-administration. In 
particular, healthy glial U373 cells imaged at about 20 minutes post-treatment with 
tat-tagged Fab contained the construct internal to the cell. See Fig. 2A, phase 
contrast image; Fig. 2B, fluorescence image. By contrast the control Fab without the 
tat transporter failed to target intracellularly. 
15 In order to facilitate the subcellular localization of the original unmodified 

GL14 Fab and its tat fusion derivatives, additional constructs have been prepared in 
which the gene encoding the green fluorescent protein (GFP) from the 
bioluminescent jellyfish Aequorea victoria, is fused to the C-terminus of the 
' antibody light chain at a unique^*/ site. The GFP emits green light maximally at 
20 509 nm when excited with UV light at 395 nm. Bacteria that express Fab-GFP 
fusions appear green when exposed to UV light, and the purified Fab-GFP protein 
appears at its predicted size of 75 kDa following SDS-PAGE. 

Example 5 : In vitro Assays for hCMV IE86 Protein Function 
25 This example describes in vitro assays that faithfully reconstitute functional 

activity by purified recombinant IE86 protein (e.g, modified from Jupp et al., J. 
Virol. 67, 7539-7546 (1993) and Wu et al., J. Virol. 67,7547-7555 (1993)). These 
assays include various DNA-binding and protein-protein (as set out in Figs 3, 4, and 
5) interaction assays and in vitro transcription systems (as set out in Figs 6 and 7), 
30 and provide ideal screening procedures for selecting inhibitory Fabs. 

Namely, for these studies, the cDNA encoding IE86 was expressed in E. coli 
under the control of an PTG-inducible promoter. To facilitate purification, a short 
linker sequence encoding six histidine residues was cloned onto the 5' end of the 
cDNA. Under non-denaturing conditions, recombinant proteins can be purified to 
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p^oterbyreco^msap^wi* Lanes 1 and 4 winpnsBlg controls 
Lw^cleava B epatt^ tato ptes«eof 2 50nMBSA, m d^2and3 

sh „„ tatet oo^ g pa«em ta U 1 ep re s.nceof50 md 2 5 0nMI^pro«en, 

10 aL^cingofte^Wp^-^^^^nptonsW 
si „(a roW ),andtopro«eo te dcrs(openbox)isind,sated. 

By comparison^. 5 shows an=l=c tt opho re liomob I „5,sh> fl asaay(EMSA) 

^^^exWdevelopedwni^CWTATAboxpxobo^b,™, 
15 TBP TheprasoncoofbTBPincompteDisconfi.medbyusfagamonoclona! 
antibody t „ WBP to, supsr^s coropta (Lano 2). Tbe a^iaUon ™ 

protein:protein interactions of IE86 witb TATA box bound hTBP is ln *^^ ^ 
Lgaintiacnobm^offtecornplexCOStiXUneB). ^™ f ™ 
mseintitcDgticcropicxisconamcdbynsingroonccionalantibod.esrohTBP 

20 ( ^e4)»dffi8ti( ta c 5 )wn i cbrasnU taS nper-sniftingti 1 e D 86co I npex.rna 

^onfortbapartiaidisroptionoftitaDSScomplaxbytoMtimonoclonai 

^isdncros^cinterf^sincetbccpitopofcrtbcantibody^^ 

the TBP contacting domain of IE86. 

Fig ficonfinnsfceactivityof^^^ 
25 .constituted^^transcnptionsystern. Fig. 6 shows me requirement for general 
transcription factors (indicatedby a + sign) for initiating transcription fromDNA 

* .^i— ^^^^^ 
and the adenovirus major late promoter (Ad-MLP). 

Using the same in v*» transcription system in Fig. 7, Lanes 1-3 represent 

30 transcriptionfromthew^ 

IE86wimLane S 2aBd3shov^grepressionoftranscription.Lanes^ 

been mntated. Under identical conditions to those reactions shown in lanes 2 and 3, 
Lanes 5 and 6 reveal the requirement for E86 to interact with the crs element m 
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order to effect inhibitor. This re,— is corded by using a mu»t M6 
^Lisd^veinDKA-bi^^^^-^— 
of transcription from the wild-type MEP template (Lanes 7-9). 

IXBSleS: Jb vflro assays for hCMV UL44 protein function 
This Example describes » «. assays fo. hCMV UL44 protein taouon. 
R , ta .-«*UM4»i— «.»«■ ««— vector andpunfiedfiorn 
, c» ; ,overa«Acolumn. To,e S .iheDNAbiadin g abiU«yofpunMUL44, 

as determined by Western analysis of the co.umn fractions (Figs 8A-Q. 
toaaDNAcoluaonandwasel^atteaaaneKClconcenttahonaathefaU-leag* 

^ee.edtotombineleavageaadbou.d.oteDNAeelluloae^rhe^ 
Jest ftag^en. left anerpeoteaaed.gesdoaiaanN-.e^alZSlcDapepdde- 

^o acid residues loeated between 274 and 310 axe suffice* for DNAbn^ 
(Pig 8B). Threereco m binan.Fabs(GL14,GL5,andGL34),ael K .edMen 
^ry.LognizeU^.were.ea.edforn.encapani.y^bi.DNAbnrdnrgby 
r^MV protein Bach ofdre^eFabs were inenbated (in 10 rnolar excess) wr* 
25 ^heforeloadingthere.honsonroassDNAeolu.n. Nooaoffhe— . 
Mswere^e^change^eWonpronleofureeol^Mca^Wme 
aoogeoicnroiehyof^reeogniaedbytoFahsisprobablyloca^dou^.deoffte 

DNA binding domain (Fig. 8C). 

fc parhc Ul ar,F lg ,8Ashows te elu.ionpro a iaofpnn fi edUL44bound,oa 

30 0 2 mL ssDNA cellulose column as deterrmnedb, Western blotting of theO 5 mL 
fractions. Theconccnh^-ofKClusedroeiute^nommeco^are 

Westemblorhng shown onmeright of eaehpanel UM4 was subjected* tbrombur 
deavage and then loaded onto a ssDNA cellulose column with a elution profile as 
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shown in Panel B. The largest fragment of the protein, a 274 amino acidN-terminal 
peptide has much reduced affinity for DNA and is completely eluted from the 
column at 0.1 M KC1. Panel C shows the elution of WM from the ssDNA column 
after being incubated with an excess of a recombinant Fab (GL 5) selected for its 
5 ability to recognize UL44. The Fab does not appear to alter the ability of UL44 to 
associate with DNA. The three thrombin cleavage sites in UL44 are shown in Fig. 9. 

Sample?: Incorporating DNA Binding Motifs into Human Antibodies 
This example describes means for incorporating DNA binding motifs into 

10 human antibodies. 

The generation of monoclonal antibodies to DNA by conventional 
immunization procedures has not been successful because of the very poor ability of 
double-stranded (ds) DNA to elicit an immune response in normal animals. A novel 
approach thus was employed in which DNA-binding antibodies were selected from 
15 semi-synthetic libraries expressed on the surface of phage. The semi-synthetic 

antibody libraries were constructed from a single human anti-tetanus toxoid binding 
antibody by randomizing over small defined regions which generally contact antigen, 
the complementarity determining regions (CDRs). These regions were completely 
randomized using synthetic ohgonucleotides with a "NNS doping strategy", where N is 
20 any of the 4 nucleotides, and S is either G or C. Accordingly, NNS encodes all 20 
amino acids and a single amber stop codon in a total of 32 codons. 

Three combinatorial Fab libraries were prepared on the surface of phage using 
the pComb 3 system. Each library used the same heavy chain with the CDR3 of length 
10 (library 1) or 16 amino acids (libraries 2 and 3) being randomized. The CDRS of 
25 the heavy chain was chosen for randomization as it forms a loop which varies in 
sequence and length and generally provides the most significant contribution to 
binding antigen. The library sizes were each of the order of 108. The libraries were 
taken through rounds of panning against human placental double stranded DNA. 

Two Fabs were isolated which bound double and single-stranded DNA with 
30 good affinity, approximately lO'-lO 8 *!" 1 . The Fabs did not bind the negatively- 
charged polyelectrolyte dextran sulfate or lipid A. The ability of one of the Fabs to 
perform as a naturally occurring DNA binding protein was investigated in 
electrophoretic mobility shift assays. The ability to form nucleoprotein complexes was 
clearly demonstrated (see, Fig. 10). The two Fabs isolated contained heavy chain 
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CDR3s (HCDRSs) of 10 and 16 residues in length. Interestingly, though the CDRs 
differed inlength, the amino and carboxy ends of the HCDR3 were virtually identical. 
The clone with the 16 residue HCDR3 demonstrated a clear preference for 
P oly(dGdC).poly(dGdC) relative to P oly(dAdT).poly(dAdT) whereas the other clone 

5 bound the different oligonucleotides with similar affinity (data not shown). 

These experiments thus confirm that DNAbinding couldbe generated in an 
antibody with the appropriate heavy chain CDR3. Furthermore, the antibody 
framework was shown to be permissive for DNA binding. Accordingly, the 
experiments validate mat antibodies against DNA can be employed for intraceUular 

10 targeting/hnmuinzation. Portions of this work were published as Barbas et al., J. Am. 
Chem.Soc. 116, 2161-2162 (1994). 

F/XamP le8: Construction of an Antibody Containing abHLH motif 
This example describes the introduction of a specific DNA binding motif into 
15 the heavy chain CDR3 of aprototype antibody. 

The basic helix-loop-helix (bHLH) motif of the TFEB protein was employed 
for these experiments since:(l)the basic bindingregion is relatively short (of the order 
of 25 amino acids) and can be accommodated in the heavy chain CDR3; (2) detailed 
olographic structural information on the DNA-bHLH interaction is avaxlable 
20 (Ferr6-DAmare et al., Nature 363, 38-45 (1993); Ferre-DAmare et al., EMBO J.U, 
180-1 89 (1994)); (3) alanine scanning mutagenesis has defined the amino acid residues 
in TFEB crucial for DNAbinding (Fisher et al., Cell, 72, 467-476 (1993)); and (4) the 
TFEB recognition sequence has been well defined (Carr et al., Molecular and Cellular 
Biology 10, 4384-4388 (1990)). Tight binding is observed to the sequence CACGTG 
25 asfoundmmeadenovirusmajorlatepromoter(MLP). Thus, the strategy was to try 
and mimic, in part, TFEB specificity in a phage-displayed antibody carrying the basic 
motif. The motif then desirably can be randomized in key positions andtheresultmg 
library panned against new DNA sequences to try and generate new specificities. 

The heavy chain CDR3 of the prototype Fab was replaced by the basic domain 
30 of amino acid sequence GGAAKKAAHAAAERRRRAAINGGAAGG [SEQ ID 
NO:17] using overlap PCR cloning. Competition EMSAs were performed Willi 
double-stranded MLP and MyoD as competitors to compare class A bHLH versus 
class B bHLH DNA recognition sequences. The data are presented as a Hofstee plot, 
depicted inFig. 11, where the slope of the line is the IC 50 (nM) and the slopes can be 
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d ^Uyco m p M ed(Fen^DWetal.,^363,3845(1993 ); F^-D'Wet 
al 180-189(1994)). TheIC 50 and correlation coefficients (in 

parentheses) of the linear regression for these data were as follows: 0, TFEB/MLP, 
10 9 nM (0.98); and A, Fab-Ebox, 4.3 nM (0.96); A TFEB/MyoD, 10.9 nM (0.98); and 
5 A Fab-Ebox/MyoD, 91.9 nM (0.94). The results ofthrecIC, determinations for each 
of the competing double-stranded oHgodeoxyribonucleotides are summarized in Table 

L The apparent dissociation constants were determined from competition 
EMSAs performed with double-stranded MLP as the competitor (data presented in 
Fig 12) TheapparentKavaluesweredeterminedbyusingdouble-reciprocalplots 

(l/[bound DNA] versus l/[free DNA], where the K<j is the slope divided by the 
intercept of the axis l/[bound DNA]). The reciprocal of the intercept is the apparent 
"B,™" of the EMSA and reflects the concentration of protein actively binding MLP 
under these conditions (5 P M and 15 P M for TFEBA265 and Fab-Ebox, 
15 respectively). In the experiment shown in Fig. 12, the apparent Rvalues for 

TFEBA265 and Fab-Ebox were 2 nM and 24 nM, respectively. In this analysis, the 
apparent K, values are tentative estimates of the true equilibrium constants. 

This TFEB variant, containing alanines at a number of positions, was preferred 
over native TFEB because of its higher affinity for DNA. The resultant Fab, Fab- 
20 Ebox, was shown by competition EMSA to have an apparent affinity approximately 
10-fold lower than TFEB for an MLP probe but still in a range consistent with high- 
affinity binding (apparent Kd of approximately 20 nM), as evidenced in Figs 1 1 and 
12. Remarkably, although less sequence specific than the parent TFEB protem, the 
Fab-Ebox was found to interact with the major groove of the DNA helix and 
25 discriminate in its recognition of the CACGTG motif in a sequence-dependent manner. 
These results confirm that the modular nature of immunoglobulins and 
transcription factors canbe exploited to create unique DNA-binding proteins by 
molecular design. Portions of this work were published as McLane et al., Proc. Natl. 
Acad.Sci. 92, 5214-5218 (1995). 

30 

Example 9 : Examination of the DNA Bmding Properties of the Fab-Ebox 
This example describes the DNA binding properties of the recombinant Fab- 
Ebox, assessed using the DNase I footprinting method to determine in greater detail 
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fceactualbmdings^ 

binding site that govern its interactions with the Fab-Ebox. 

For these studies, the Fab-Ebox was bound to a construction of the adenovirus 
major latepromoter(AdMLP), and the pattern of protection fromDNaselwas 
5 comparedtoTFEB. Increasing concentrations of TFEB and Fab-Ebox were added to 
~1 ng of end labeled DNA fragments containing Ad MLP sequences from -72 to +10. 
To aid interpretation of results, a Maxam and Gilbert sequencing reaction for G 
residues was run on a separate lane of the same footprinting gel, as was a lane 
comprisingDNasereactions without addedprotein. The amounts ofTFEB used for 
10 a S se SS mgpmtecuonofthebot to mWoftheMLPwere0.2,0.4 J 0.8,andl.6 

micrograms, while the amounts of Fab-Ebox used (i.e., in separate reactions) were 0.3, 
07 14, and 2.9 micrograms. The amounts ofFab-Ebox used for assessing protect™ 
of me bottom strand of the MLP were 0.7, 1.4, and 2.2 micrograms of Fab-Ebox. 
Binding reactions with TFEB were done in the presence of 50 micrograms/mL of poly 
15 (dI-dC),wlulereactionswimFab-Eboxdidnotcontainpoly(dI-dC). 

The obtained' data confirmed TFEB and Fab-Ebox protection of the bottom 
strand of the Ad MLP (results not shown). Unlike TFEB, which protected a single 
large site of -17-19 bases on both strands of the Ad MLP around the E box sequence, 
Fab-Ebox binding to the same fragment resulted in protection of two smaller sites of 
about -7-9 bases, including a sequence upstream of the Ebox (-64 to -74) that was not 
protected by TFEB binding. This is set out in Figs 13 and 14, respectively, which axe 
schematic representations of the protection patterns of both proteins, with arrows 
indicating the positions of DNase I hypersensitive sites. The E box, CACGTG, rs 
indicated by the double-headed arrow between positions -55 and -60. 

Interestingly, the sequence was completely occupied by Fab-Ebox at the lowest 
concentration tested, indicating an enhanced affinity of binding in comparison with the 
E-box site. Portions of this work were published as Le Blanc et al., Biochemistry 37 
(17), 6015-22 (1998). 
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ExamplelQ: Examination of the DNA Binding Properties of the Fab-Ebox 
This example describes an examination of the binding of the Fab-Ebox to other 
sequences outside of the E box to try to understand Ihe differences in DNA binding 
between the parental TFEB transcription factor and the Fab. 
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TieDNaselpro.ec.lonpattcrnsofFab-aoxonavan^oreNA.e^ 



other than flie a dox anu ivi" - _ 

5 do^eamporSonofteEboxappearstobeftepriMeddem^tforFab 

I eco E n ita » stata ^TG(R)se,^isoons».foreaobb Wbg s, te — ed. 
tte sitK «bave bean idendfedaa^resultofte^ea are— zedtnFig 
15 Theaitesb^ebeeoaUgaeddongbomologousae^eneesand.hemternal 
^eneeetTGRRappearatobetbe^cenaervedporfeeof^Fab-Eboxb^B 

10 ^ TheaeatudiesthuaeoretotbefeasibibtyofgeneratingFabaeapableof 

sea^e-speeificreeogribonofDNA. Tbeapeefflei^ofFab-Ebox eaa.be aitered for 

Pomona of to wo* were published as U Btoc e. al, M«M«7 3' (")• a^ 22 

15 (1998). . 

Ejjimolell: UseofVertebrateTransgemcAmmals 

This example describes the protocol for use of vertebrate transgenic animals 

20 bn^anCMVJorgeneradonofb^genic^scontainnrgabighainni^bnrdnrg 

site for a F«b in P .ace of dm viral crs, and the like. Alternately, adult animals can be 

employed in certain of these studies. 

Both C57BI/6 (BALB) transgenic and CD-I outbred strains can be employed 

for the mating experiments. Approximately 25-30 mice of each strain are utihzedrn 
25 iheseexperiment, Transgenic animals can be generated by microinjecting forergn 

DNA into the male pronucleus of fertilized eggs and subsequent reimplantatron mto 

pseudo-pregnantmoth^^^ 
'Manipulating a Mouse Embryo". 

In order to obtain optimal numbers of unfertilized eggs mom BALB females, 3- 
30 sweekoldrmcecanbemducedtosuperovulatebymtrapexitoneal^^ 

pregnant mare's serum (PMS) followed 48 hours later with an intraperitoneal injectxon 
of 6 KJ of human chorionic gonadotropin. The BALB females are immediately placed 

. i -^ariHfhe females checked for a copulation plug the 

with C57BI/6 fertile males overnight and tne iemau* w» r 

following morning. 
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Females with fertilized eggs are sacrificed by cervical dislocation and their 
eggs collected from the oviducts and the cumulus cells removed by treatment with 
hyaluronidase. The isolated fertilized eggs are allowed to mature in Brinsters medium 
at 37°C and 5% C0 2 . The male pronucleus of the fertilized egg is injected with 200 

5 copies of the transgene. 

Pseudo-pregnant female recipients (BALB) of the fertilized eggs are prepared 
by placing vasectomized C57BI/6 males in female cages overnight and checking for 
copulation plugs. The vasectomized males are prepared from adult mice. This 
procedure is performed by anesthetizing the male mouse with 0.015-0.017 ml of 2.5% 
10 Avertin per gram of body weight. A 1.0 cm transverse incision is made on the left and 
right flank of the body wall and the testicular fat pads, vas deferens and testes are 
pulled out. The vas deferens are cut, cauterized, and the testes placed back in the male 
and the incision closed with an autoclip. Vasectomized males are checked for sterility 
and about 10-20 males are maintained at any one time. 
15 Six to eight week old pseudo-pregnant females (BALB) are prepared as 

recipients of the fertilized injected eggs by anesthetizing the mice with Avertin as 
described above. A 1 cm incision is made on the left and right flank of the body wall 
and the ovary and oviduct are exposed. The left and right bursa are opened and 15-20 
microinjected eggs each are transfered to the ampulla with a transfer pipette. The 
20 incision is closed with a single autoclip. 

Transgenic offspring are analyzed at 2-3 weeks of age to determine whether 
integration of viral DNA has occurred by analysis of tail DNA. Approximately 200 
microinjected eggs produce 40-50 live mice, of which 10-20 will have integrated DNA 
and 5-10 will express the transgene. Those mice not expressing the transgene are 
25 sacrificed by exposure to C0 2 . Expressing transgenic lines are maintained by breeding 
with the mouse species mentioned above. 

All of the references cited herein are hereby incorporated in their entireties by 

reference. 

While this invention has been described with an emphasis upon a preferred 
30 embodiment, it will be obvious to those of ordinary skill in the art that variations in the 
preferred composition and method may be used and that it is intended that the 
invention may be practiced otherwise than as specifically described herein. 
Accordingly, this invention includes all modifications encompassed within the spirit 
and scope of the invention as defined by the following claims. 



62 



WO 03/035892 



CLAIMS 



PCT/US02/33305 



10 



What is claimed: 

1 . A chimeric molecule comprising a carboxy terminal protein import sequence 
and an amino terminal cargo region. 

2. The chimeric molecule of claim 1, wherein said cargo region is a moiety 
selected from the group consisting of an antibody, a non-antibody peptide, 
and a non-proteinaceous molecule. 

3. The chimeric molecule of claim 2, wherein said cargo region is an antibody 
selected from the group consisting of an anti-UL44 antibody, an anti-UL83 
antibody, and an anti-UL122 antibody. 



15 4. 



The chimeric molecule of claim 2, wherein said cargo region is an antibody 
that is a Fab selected from the group consisting of Fab GL14, Fab GL5, and 
Fab GL34. 

5. The chimeric molecule of claim 1, wherein said protein import sequence is 
20 selected from the group consisting of an 

HIV tat peptide comprising tat residues 37-72 (SEQ ID NO:4); 
HW tat peptide comprising tat residues 38-72 (SEQ ID NO:5); 
HIV tat peptide comprising tat residues 47-59 (SEQ ID NO:6); and 
HTV tat peptide comprising tat residues 49-57(SEQ ID NO:7). 



25 



6. The chimeric molecule of claim 4, wherein said protein import sequence is 
l HTV tat peptide comprising tat residues 38-72 (SEQ ID NO:5). 



an J 



7. The chimeric molecule of claim 4, wherein said protein import sequence is 
30 an HTV tat peptide comprising tat residues 47-59 (SEQ ID NO:6). 
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8. 



5 9. 



The chimeric molecule of claim 1, wherein said protein import sequence is 
selected from the group consisting of a lactoferrin and an antennapedia 
peptide. 

The chimeric molecule of claim 1 , wherein said protein import sequence is a 
Drosophila antennapedia peptide comprising from about 16 to about 20 
amino acids. 



10 The chimeric molecule of claim 1, wherein said chimeric molecule further 
10 comprises a spacer sequence located between said protein import sequence 

and said cargo region. 

il. The chimeric molecule of claim 9, wherein said spacer sequence comprises 
from about 1 to about 50 amino acid residues. 



15 

12. 



13. 

20 

14. 



A composition comprising the chimeric molecule of any of claims 1-1 1 and a 
pharmaceutically acceptable excipient. 

The use ofthe chimeric molecule of any of claims 1-11 for the manufacture 
of amedicament for the treatment of viral infection. 

A method of using the chimeric molecule according to any of claims 1-11 
comprising contacting said cell with said chimeric molecule wherein the 
chimeric molecule is internalized. 

25 . , 

15. An isolated and purified nucleic acid molecule that encodes the chimeric 

molecule of any of claims 1-11. 

16. A vector comprising the nucleic acid molecule of claim 15. 

30 

17. A host cell comprising the chimeric molecule of any of claims 1-11. 

18. A host cell comprising the vector of claim 16. 
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19. A method of making a chimeric molecule comprising a carboxy terminal 
protein import sequence and an amino terminal cargo region, said method 

comprising: 

(a) obtaining the host cell of claim 17, 
5 (b) culturing said host cell, and 

(c) recovering said chimeric molecule from said culture. 
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SEQUENCE LISTING 



<110> Ghazal, Peter 

Burton, Dennis R. 
Hahn, Klaus M. 

<120> NOVEL METHODS FOR INTRODUCING MOLECULES INTO CELLS AND 
VECTORS AND COMPOSITIONS FOR USE IN SUCH METHODS 

<130> 302018.3002-101 

<140> 

<141> 2002-10-18 

<150> US 10/039,318 
<151> 2001-10-19 

<160> 19 

<170> Patent In Ver. 2.0 

<210> 1 
<211> 13 
<212> PRT 

<213> Human immunodeficiency virus type 1 
<220> 

<223> nuclear localization sequence of HIV tat protein 

Gl^Arg Lys Lys Arg Arg Gin Arg Arg Arg Ala His Gin 
1 5 1° 



<210> 2 
<211> 5 
<212> PRT 

<213> Human immunodeficiency virus type 1 

<220> , . , 

<223> partial sequence of nuclear localization peptide 

of HIV tat protein 
<400> 2 

Gly Arg Lys Lys Arg 
1 5 



<210> 3 
<211> 4 
<212> PRT 

<213> Human immunodeficiency virus type 1 
<220> 

<223> partial sequence of nuclear localization 
tat protein 
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<400> 3 

Gin Arg Arg Pro 
1 



<210> 4 
<211> 36 

<212> PRT , 

<213> Human immunodeficiency virus type 1 

<223> residues 37-72 of HIV tat peptide 



ZTv*e lie Thr Lys Ala Leu Gly He Ser Tyr Gly Arg Lys Lys Arg 
Arg Gin Arg Arg Arg Pro Pro Gin Phe Ser Gin Thr His Gin Val Ser 



20 

Leu Ser Lys Gin 
35 



<210> 5 
<211> 35 

<212> PRT , 

<213> Human immunodeficiency virus type 1 

<223> residues 3 8-72 of HIV tat peptide 



iTlll Thr Lys Ala Leu Gly He Ser Tyr Gly Arg Lys Lys Arg Arg 
i 5 10 

Gin Arg Arg Arg Pro Pro Gin Phe Ser Gin Thr His Gin Val Ser Leu 



20 25 



Ser Lys Gin 
35 



<210> 6 
<211> 13 

<212> PRT . 

<213> Human immunodeficiency virus type l 

<220> 

<223> residues 47-59 of HIV tat peptide 



^r°Gly Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro 
1 " 1 



5 10 



<210> 7 
<211> 9 

<212> PRT , . 

<213> Human immunodeficiency virus type x 
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<220> 

<223> residues 49-57 of HIV tat peptide 
<400> 7 

Arg Lys Lys Arg Arg Gin Arg Arg Arg 
1 5 



<210> 8 

<211> 32 

<212> PRT 

<213> Homo sapiens 



<223> partial heavy chain sequence of Fab GL14 

^g'val Thr Met Thr Arg Asp Thr Ser lie Asn Thr Val Tyr Met Glu 
I 5 10 15 

Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Trp Cys Ala Arg 
20 25 3 ° 



<210> 9 
<211> 17 
<212> PRT 

<213> Homo sapiens 



<220> 

<223> partial heavy chain seqeunce of Fab GL14 



gJu°^ Arg Gin Pro His Asn Ser Ala Trp Ser Asp Asp Ala Phe Asp 
1 5 10 15 



He 



<210> 10 
<211> 11 
<212> PRT 

<213> Homo sapiens 
<220> 

<223> partial heavy chain sequence of Fab GL14 
<400> 10 

Trp Gly Gin Gly Thr Met Val Thr Val Ser Ser 
l 5 10 



<210> 11 
<2H> 32 
<212> PRT 



3/6 



WO 03/035892 



PCT/US02/33305 



<213> Homo sapiens 

<223> partial heavy chain sequence of Fab GL5 

^ne'xhr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe Leu Gin 

Met Asn Ser Leu Arc, Ala Glu Asp Thr Ala He Tyr Tyr Cys Ala Lys 
20 25 



<210> 12 
<211> 12 
<212> PRT 

<213> Homo sapiens 



<223> partial heavy chain sequence of Fab GL5 
Is^Tr^Tyr Gly Asp Tyr Gly As P Ala Phe Asp Val 



1 



5 



<210> 13 

<211> 32 

<212> PRT 

<213> Homo sapiens 

<223> partial heavy chain sequence of Fab GL34 
<400> 13 



^Vl'Thr Met Thr Arg Asp Thr Ser Leu Asn Thr Val Phe Met Glu 



1 



L eu lie Ser Leu Asn Leu Gly Asp Thr Ala Val Tyr Phe Cys Ala Arg 
20 25 



<210> 14 

<211> 15 

<212> PRT 

<213> Homo sapiens 



<223> partial heavy chain sequence of Fab GL34 

G^°Asp 4 Arg Gin Phe Gly Phe Arg Gly Thr Asp Trp Phe Asp Pro 
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<210> 15 

<211> 11 

<212> PRT 

<213> Homo sapiens 

<220> 



<223> partial heavy chain sequence of Fab GL34 
<400> 15 

Trp Gly Gin Gly Thr Leu Val Val Val Ser Ser 
X 5 10 ' 



<210> 16 
<211> 21 
<212> DNA 

<213> Human cytomegalovirus 

<2?3> consensus sequence for IE86 (crs) element in hCMV 
promoter 

<400> 16 21 
agctcgttta gtaaccgtca g 

<210> 17 

<211> 27 

<212> PRT 

<213> Homo sapiens 

<223> basic helix- loop-helix sequence of human TFEB 
protein 

G?y°Gly 7 Ala Ala Lys Lys Ala Ala His Ala Ala Ala Glu Arg Arg Arg 

Arg Ala Ala lie Asn Gly Gly Ala Ala Gly Gly 
20 25 



<210> 18 

<211> 29 

<212> DNA 

<213> Homo sapiens 

<220> , a , 

<223> synthetic probe for SD1 binding 

<400> 18 29 
aatgtatgcg cgcgcgcttt aggggcccc 

<210> 19 

<211> 33 

<212> DNA 

<213> Homo sapiens 
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<223> sequence containing TFEB and E box element 

<400> 19 33 
ggtacccaaa ggtgtaggcc acgtgaccgg gtg 
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